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1.0  INTRODUCTION 

M 


1.1  PURPOSE 

nils  document  provides  Level  C detailed  requirements  for  the  orbital  operations 
computer  loads,  OPS  2 and  OPS  8.  These  requirements  represent  the  total 
Onorbit /Rendezvous  Navigation  baseline  requirements  for  the  following  principal 
functions . 

A.  Onorbit /Rendezvous  Navigation  Sequencer 

B.  Onorbit /Rendezvous  UPP  Sequencer 

C.  Onorbit /Rendezvous  Navigation 

D.  Onorbit  Prediction 

E.  Onorbit  User  Parameter  Processing 

F.  Landing  Site  Update 

The  Onorbit /Rendezvous  Navigation  Baseline  was  last  issued  on  May  1,  1979  as 
FSSR  Version  C;  i.e.,  as  SD  76-SH-0006C.  That  publication  absorbed  Veruion  B 
(published  November,  1977)  and  also  the  January  19,  1979  and  May  1,  1979  block 
updates . 

This  publication  reflects  Version  C of  the  Onorblt/Rendezvous  Navigation  FSSR 
plus  the  following  page  change  numbers  (PCN's)  written  against  Version  C: 

A.  PCN  1 - an  August  15,  1979  update. 

B.  PCN  2 - a January  15,  I960  update. 

C.  PCN  3 - a May  15,  i960  update. 

The  following  is  a list  of  CR's  that  were  incorporated  into  this  document  with 
Version  C,  PCN  1,  PCN  2,  and  PCN  3. 


CR 

2599B 

CR  1237k 

CR 

19373B 

CR 

1216k 

CR  12k 19 

CR 

19kk5A 

CR 

19167B 

CR  12kk2A 

CR 

19kk6A 

CR 

12266A 

CR  12k 56 A 

CR 

19k72A 

CR 

12285 

CR  12k78 

CR 

1957 1A 

CR 

12286 

CR  125k5 

CR 

19655A 

CR 

12326 

CR  12623 

CR 

19361 A 

CR 

12661 

CR  12803 
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CR  12661 
CR  127 65 A 
CR  12617 
CR  12618A 
CR  12819A 
CR  12623 
CR  12825B 
CR  12676 


CR  128 12A 
CR  12813A 
CR  12820 
CR  12821 
CR  12822 
CR  12214A 
CR  12019 
CR  29188C 


CR  19810B 
CR  19874A 
CR  19873A 
CR  19785B 
CR  19900 
CR  29300 
CR  12600 
CR  19452B 


CR  12024B 
CR  1241  IB 
CR  19484A 
CR  19570 
CR  19246B 
CR  12809 A 
CR  29500 
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1.2  ORGANIZATION  AND  STRUCTURE 

The  organisation  of  the  November  1977  baseline  was  extensively  revised  with  its 
Version  C in  order  to  struoture  the  text  closely  to  the  suggested  implementation 
given  in  the  flowcharts  of  appendices  B,  C,  D,  E,  and  F.  In  order  to  aooomplish 
this  task  the  following  guidelines  were  developed  for  the  organization  and  text 
structure  of  this  document. 

Guideline  1 . - Each  flowchart  in  the  Append ioes  B,  C,  D,  E,  and  F will  be  class!* 
fled  either  as  a subroutine,  function,  or  code.  The  subroutine  or  function  clas- 
sification will  be  given  for  the  following  reasons: 

(1)  to  avoid  duplication  of  code, 
and 

(2)  to  clarify  the  function  of  the  flowchart  with  text  and  Input/Output 
(I/O)  tables. 


Guideline  2.  - The  requirements  for  each  subroutine  and  function  will  be 
described  in  one  and  only  one  text  section  of  ohapter  4. 

A flowchart  labeled  code  is  to  be  regarded  as  in-line  code  and  will  be  explained 
in  the  text  section  belonging  to  the  subroutine  in  which  the  code  is  located. 

If  a subroutine  calls  another  subroutine  or  executes  code,  the  CALL  or  EXECUTE 
statement  will  appear  in  the  associated  text.  Text  section  descriptions  will 
closely  follow  the  associated  flowchart. 


Guideline  3.  - Those  text  sections  describing  subroutines  and  functions  will 
have  Inyut/Output  (I/O)  tables. 

The  determination  of  Input  and  Output  variables  to  a given  subroutine  can  be 
quite  subtle  so  the  following  simplistic  definitions  are  proposed. 


Input  Variables 

(1)  Those  variables  needed  to  be  input  to  the  routine  for  the  proper  execution 
of  the  subroutine  or  function,  e.g.  variables  used  in  computations,  vari- 
ables used  in  logical  tests  both  implicit  and  explicit,  etc. 

(2)  Variables  in  the  INLIST  to  the  subroutine. 

Output  Variables 

(1)  Those  computed  variables  needed  by  other  routines. 

(2)  Variables  in  the  OUTLIST  of  the  subroutine. 

(3)  Variables  computed  for  the  DOWNLIST. 
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Guideline  k.  - Baoh  I/O  table  will  have  the  format  given  In  Figure  1.2-1.  The 
variables  In  the  INLIST  and  OUTLIST  as  arguments  to  the  subroutine  have  only 
looal  names  so  a speolal  arrangement  should  be  made  for  these  variables  by  list- 
ing them  under  a speolal  seotlon  in  the  Input/Output  (I/O)  tables  with  a slight- 
ly different  format. 


misw/dwuw 

1 

1 5UTF0T 

INTERNAL 

i EXTERNAL  1 INPUT  SOURCE 

1 DESTINATION 

NAME 

NAME 

1 

1 

R 

I 

1 

1 

1 

R JILT 

! Subroutine  A 
1 Subroutine  B 

I 

t 

| 

R TV 

I 

4 

1 

! 

t 

H 

I 

ALT 

1 Subroutine  A 

1 

1 Subroutine  B 

VARIABLE  NAME 

!,  V FILT 

i ’ ~ ~ ■ 

1 

1 Subroutine  A 
1 

t Subroutine  C 
I 

l 

1 Subroutine  B 
| 

R TV 

I 

1 

Figure  1.2-1.-  I/O  table  format. 

•NOTE : If  the  subroutine  has  no  INLIST  or  OUTLIST  then  the  INLIST/OUTLIST  por- 

tion of  the  I/O  table  will  be  omitted. 


Input  variables  may  be  obtained  by  looking  at  the  input  souroe  column  and  output 
variables  may  be  obtained  by  looking  at  the  output  destination  oolunn. 


Guideline  5.  - Text  sections  describing  Prinoipal  Functions  will  also  have 
Input/Output  Tables. 

The  Prinoipal  Funotion  (PF)  I/O  will  show  Input/Output  flow  between  principal 
funotlons.  The  Principal  Funotion  I/O  variable  definitions  will  be  consistent 
with  those  used  to  define  I/O  variables  for  subroutines.  The  Prinoipal  Funotion 
I/O  tables  will  have  the  format  given  by  Figure  1.2-2.  Looal  destination  refers 
to  the  local  subroutine  needing  the  PF  input  variable.  Looal  souroe  refers 
to  the  looal  subroutine  outputting  the  PF  output  variable. 
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I PRINCIPAL 

VARIABLE  NAME  ! FUNCTION 

I SOURCE 

I 

! 

I 

I 

! 


! PRINCIPAL  I I 

LOCAL  I FUNCTION  I LOCAL  SOURCE  ! 

DESTINATION  1 DESTINATION  1 ! 

! i i 

! I ! 

! I 

! 


Figure  1.2-2.-  Principal  function  I/O  table  format. 


Since  one  of  the  more  important  interfaces  between  Principal  Functions  is 
involved  with  the  "snapping"  of  data,  it  is  proposed  that  this  type  of  interface 
be  indicated  in  a special  way  by  the  Principal  Function  I/O  tables.  Variables 
involved  in  the  IMU  and  Attitude  Data  Snap  (section  4 .2. 2.1)  or  the  Rendezvous 
Sensor  Data  Snap  (section  4.2 .2 .2)  will  be  given  the  variable  name  used  by  the 
appropriate  SOP  when  that  SOP  supplies  the  variable  for  the  Data  Snap.  The 
local  destination  will  be  labeled  DATA  SNAP  anil  the  reader  will  be  referred  to 
the  text  section  explaining  the  Data  Snap.  This  section  will  have  tables  show* 
ing  the  correspondence  between  the  external  SOP  variable  names  and  the  variable 
names  used  by  the  Principal  Function  for  the  "snapped"  variables. 


Guideline  6.  - In  the  November  1977  baseline  document  there  was  quite  a bit  of 
redundancy  in  the  information  supplied  by  various  tables.  For  example,  preci- 
sion requirements  were  frequently  given  whenever  a variable  was  listed  in  an  I/O 
table.  While  such  a practice  can  be  defended  on  the  grounds  of  clarity  and  con- 
venience, it  can  lead  to  inconsistencies  between  tables.  Subsequent  versions  of 
the  FSSR  have  employed  central  tables  which  collate  tabular  information  in  one 
and  only  one  place.  It  is  intended  that  the  variable  list  in  Appendix  A as  well 
as  the  variable  lists  of  Appendices  C,  D,  E and  F now  include  all  of  the  follow- 
ing information. 


1.  Variable  Name  - The  HAL  variable  name  used  in  the  flowcharts. 

2.  Precision  and  Type  - This  column  will  contain  the  following  symbols: 

DF:  double  precision  floating  point  scalar 

DF(n):  double  precision  floating  point  n-dimensional  array 

DF(n,m):  double  precision  floating  point  n by  m matrix 

SF:  single  precision  floating  point  scalar 

SF(n):  single  precision  floating  point  n-dimensional  array 
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SF(n,m):  single  precision  floating  point  n by  m natrix 

I:  integer  (unless  otherwise  specified  all  Integer  quantities  are 

assumed  to  be  single  precision) 

Bit:  variable  having  only  the  values  0 or  1 

Char:  character  string 

3.  Initialization  category  - This  column  will  categorize  the  OPS-2  navigation 
parameters  for  initialization  purposes. 

Mission  Dependent  (I -LOAD) 

Design  Dependent 

Level  A constants 

Hard  Codeable 

OPS  Transition  parameters 

Other  required  initial  values 

4.  COMPOQL  or  Local  - This  column  will  specify  whether  or  not  the  variable 
is  local  or  is  required  to  be  in  COWOOL. 

5.  Description  - This  column  will  provide  a definition  of  the  parameter. 

6.  Initial  Value  - This  column  will  supply  the  numerical  value  for  the  Design 
Deoendent  and  Hard  Codeable  parameters  as  well  as  other  required  initial 
values . 

7.  M/S  ID  - This  column  provides  the  M/S  ID  numbers  for  the  variables  in 
the  PF  I/O  Tables. 

8.  Up link /Down list  - This  column  will  state  which  variables  are  uplinked 
or  are  to  be  downlisted. 


Guideline  7.  - Information  that  can  be  found  in  the  Central  Tables  will  not  be 
duplicated  in  any  other  table  unless  necessary. 

Corollary  to  guideline  7 is  that  there  will  be  no  collated  Mission  Dependent  Pa 
rameter  List  (I-LOAD)  and  no  collated  Downlist.  Rather,  these  variable  lists 
can  be  gleaned  frcm  the  information  contained  in  the  Central  Tables  in  the 
Appendices . 
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1.3  THE  CHANGE  LOG 

The  changes  made  to  the  May  1979  baseline  through  PCN  2 to  Version  C of  this  doc- 
ument are  tabulated  in  the  following  change  log  (table  1*3). 


k 
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TABLE  1.3..  CRORBXT/REnSZTOaS  CHAWS  LOG 


Section 


Section  title 


r.  ascription  of  change 


*.Z 


*.2.’ 


*.2.2.2 

*.2.3 


Ooorblt  Rendezvous  Navigation 
Principal  Function 


Navigation  Control 


Rendezvous  Sensor  Data  Snap 

Position  and  Velocity  State 
Propagation 


Logic  added  to  coapute  value  for  N_CTCL8  rather  than  depending  upon  obtaining  the  value  fron 
the  sequencer. 


Changed 


for  the  star  traoker  angles  output  by  the  S.T.  SOP. 


(hangs  aade  to  interrogate  the  DOIRG  RERD  HAV  flag  Proa  the  sequencer  to  deteraine  when  to 
exerolse  rendezvous  navigation. 

Interface  established  with  XMU_ALIGB_DISPLAY  to  access  crew-input  I MB  threshold. 

Interface  deleted  with  sequencer  for  obtaining  an  HO  threshold  value. 

Interface  deleted  with  sequencer  and  OMMJPP  for  the  OSE_IHJ_DATA  flag.  Internal  logic 
■id  1 fled  to  always  sat  this  flag.  ~ ~ 

Significant  changes  Bade  to  principal  function  I/O  tables. 

Sequence  changed  to  execute  state  and  eovarlanos  update  functions  prior  to  the  state  vector 
propagation  function. 

Change  Bade  to  key  on  the  DOmQ_REND_R»' ) flag  to  deteraine  when  to  exerolse  the  rendezvous 
navigation  logic. 

Logic  added  to  coapute  H_CTdE  based  on  the  crew- set  DO_FLTR_SUW_RATB  switch. 

Cfaangse  ade  to  I/O  tables. 

Kanes  changed  for  the  S.T.  angles  output  by  the  S.T.  SOP. 

Section  aoved  to  section  (amber  R.2.*. 


IT-I 
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TABUS  1.3.-  OMORBIT/BDIDEZVOCS  CHARGE  LOO 


Station 


Section  title 


Description  of  change 


*.2.3 

*.2.3. 

*.2.3. 


I I 

1.*.1t  Altitude  Above  the  Refers ooe  t 

I Ellipsoid  I 

I I 

1.4.2!  Earth  Relative  Velocity  I 

! Computation  1 

I I 

2 I Powe-ed  Plifeht  Propagation  I 

! I 

! ! 

! ! 

! I 

! ! 

I I 


Section  moved  to  section  nuaber  4. 2. *.1.1.1. 

Section  moved  to  section  nuaber  4.2. *.1.1. 2. 

Section  no ved  to  section  nuaber  *.2.4.1. 

Section  title  changed  to  Position  and  Velocity  Propagation. 

Logic  aade  into  a subroutine  Instead  of  a code  since  it  la  executed  for  both  the  Orhiter 

target  vehicles. 


4.2.4 

1 

1 

! Otaodeled  Acceleration  State  and 

f hevcvv 
1 

! Section 

4.2.4. 1 

1 Co  variance  Matrix  Propagation 
1 
1 

! Otaodeled  Acceleration  Blaa  and 

! 

1 Canges 
I 

1 Section 

*.2.4.2 

! Covariance  Initialisation 
1 

I Position-Velocity  Sutaatrlx  of 

1 

t 

! Section 

4.2.5 

! the  Stete  Transition  Matrix 
! 

! State  and  Covariance  Matrix 

! 

1 Section 

4.2.5. 1 

1 Updates 
1 

! Auto  Inflight  Updates 

! 

! 

! Section 

Section  noted  to  section  nuaber  4.2. 3.1* 

interface  established  to  schedule  the  ETATB_VBCr08_PRBDX CT_T ASK  as  needad  rather  than  aaklng 
an  In-line  call  to  the  predictor. 
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2.0  APPLICABLE  DOCUMENTS 


Document  no. 

t Title 

I 

S8-P-0002-140 

1 

1 Computer  Program  Development  Speolfioa- 
1 tion,  Volume  I,  Book  4 Downliet/Oplink 
! Software  Requirements 

i 

SS-P-0002-170 

1 OFT  System  Level  Requirements , Software 

f 

SS-P -0002-510 

t OFT  Funotional  Level  Requirements,  QH&C 
1 

SS-P -0002-520 

I COT  Detail  Level  Requirements,  GN&C 

f 

SS -P-0002-530 

1 OFT  Functional  Level  Requirements,  Sys- 
! terns  Management 

i 

SS-P -0002-540 

! OPT  Detail  Level  Requirements,  Systems 
1 Management 
1 

SS-P -0002-550 

i OFT  Funotional  Level  Requirements, 

1 Vehiole  Utility-02 

1 

SS-P-0002-560 

1 OPT  Detail  Level  Requirements,  Vehiole 

t Utility-02 
1 

SS -P-0002-570 

! OPT  Funotional  Level  Requirements,  Pay- 

1 loads 
| 

SS-P -0002-580 

1 OPT  Detail  Level  Requirements,  Payloads 

I 

SD76-6H-0020 

8 

1 OPT  Plight  Software  System  Requirements, 

! Displays  and  Controls 
1 

SS-P-0002-195 

1 

1 OPT  I-LOADS  Plight  Software  System 

1 Requirements 
1 

SS-P -0002-1 10 

I OPT  System  Level  Requirements  (Level  A) 
f Constants 
t 

r 
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3.0  OVERVIEW 


3.1  OPERATIONAL  NAVIGATION  PROGRAM 

For  the  Orbiter  flight  tests,  the  requirements  for  eaeh  Operational  Navigation 
Program  (ONP)  are  specified  at  three  levels:  system  level  (A),  functional  level 

(B),  and  detailed  level  (C).  In  addition,  the  Level  B and  C requirements  are 
speoified  in  separate  documents  for  guidanoe,  navigation,  and  oontrol  (GNAC); 
system  management  (SM);  vehicle  utility  (VU)  and  payloads  (PL).  This  document 
is  the  Onorbit  and  Rendezvous  navigation  part  of  the  GN&C  Level  C OFT  ONP  re- 
quirements. s 
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3.2  GN&C  SOFTWARE  MAJOR  FUNCTIONS 

The  Orbiter  general -purpose  computer  (GPC)  provides  the  following  GN&C  major 
functions: 

- Guidance  (QUID) 

- Navigation  (NAV) 

- Flight  Control  (PC) 

- Redundancy  management /mod ing,  sequencing,  and  control  (RM/MSC) 

- Subsystem  operation  programs  (SC?) 

- Displays  and  controls  (D&C) 

- Other 

This  document  specifies  the  software  functional  requirements  for  the  GN&C  major 
function,  onorbit  and  rendezvous  navigation. 
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3.3  NAVIGATION  SYSTEM  OVERVIEW 

The  baslo  funotion  of  the  navigation  system  la  to  provide  an  accurate  estimate 
of  the  Orbiter  and  target  atate  using  orbital  dynasties  (for  coasting  flight), 
IMtl  data  (for  powered  flight)  and  NAVAS)  data  whioh  may  be  used  with  or  without 
IMU  data.  This  document  provides  detailed  navigation  software  requirvewnts  for 
the  onorbit  operational  sequences : 

- Onorbit  Operational  Sequence  (OPS  2) 

- Flight  Control  System  Checkout  Operational  Sequence  (OPS  8) 
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3-3.1  Navigation  Functions 


In  general,  the  navigation  software  requirements  can  be  divided  into  the  follow- 
ing major  functions : 

Navigation  Control.  Performs  the  initialisation  of  navigation  function  parame- 
ters and  sets  up  the  sequencing  of  functions  to  aooomplish  navigation  require- 
ments. 


Measurement  Scheduler.  Selects  the  appropriate  sensor  measurements  in  accor- 
dance with  selection  criteria. 


Data  Handler.  Prepares  data  for  sensor  measurement  processing. 


Navigation  Recon  figuration.  Initializes  state  vector  and  covariance  matrix  for 
sensor  measurement  processing,  for  manual  updates,  for  ground  updates  or  for 
changes  in  sensor  type. 

State  and  Covariance  Propagation.  Propagates  the  state  and  the  covariance 
matrix  for  sensor  measurement  processing.  Also  propagates  state  for  user  parame- 
ter calculations. 


State  and  Covariance  Update.  Determines  and  performs  the  state  and  the 
covariance  matrix  updates. 


User  Parameter  Processing.  Computes  state-related  parameters  for  guidance  and 
display  and  control,  and  provides  high  rate  propagation  of  the  state  vector. 

In  this  document,  the  details  of  the  major  functions  are  presented  under  the  fol- 
lowing Level  B principal  functions: 

0)  Onorbit/Rendezvous  Navigation  Sequencer 

(2)  Onorbit/Rendezvous  Navigation 

(3)  Onorbit  User  Parameter  Processing  Sequencer 

(4)  Onorbit  User  Parameter  Processing 

The  details  of  each  function  are  shown  in  Appendices  B,  C,  D and  F in  the  form 
of  flowcharts  of  the  modules  comprising  each  function.  The  interconnection  of 
the  functions  and  component  modules  is  shown  by  means  of  a 'block*  diagram  in 
Appendix  G. 
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the  navigation  software  requirements  as  presented  make  assumptions  about  how 
non-navigation  functions  will  be  performed.  Completion  of  the  software  require- 
ments will  require  adequate  definition  of  the  timing  and  data  time-tagging 
mechanization  and  the  IOP  mechanization.  Changes  in  the  navigation  software  re- 
quirements may  be  necessary,  depending  on  aotual  implementation  of  the  non- 
navigation  functions. 
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3 3.2  Navigation-Related  Functions 

The  navigation-related  function  is  the  Landing  Site  Update  principal  function. 
Thib  function  provides  the  capability  to  reconfigure  the  dynamio  parameters 
pertaining  to  the  runway  and  TACAN  sites,  which  are  to  earry  over  into  OPS  3. 
The  Landing  Site  Update  function  is  itself  a Level  B principal  funetion.  Flow- 
charts for  this  function  are  given  in  Appendix  E. 


3-6 


79FM10 


3.3.3  General  Requirements 

This  section  discusses  software  requirements  in  the  categories  of  service, 
single-use,  or  multiple-use  that  are  not  uniquely  related  to  the  navigation 
function . 

The  general  requirements  include,  but  are  not  limited  to  the  following: 
Coordinate  transformations  (this  publication  contains  transformations  required 
for  navigation). 

Onorbit  Prediction  - this  function  provides  the  capability  to  propagate  a state 
vector  forward  or  backward  in  time  over  possibly  large  time  Intervals  when 
requested  by  a user.  Onorbit  predietion  Is  a Level  B principal  function. 

Flowcharts  for  the  general  requirements  functions  are  contained  in  Appendix  C. 
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3.3*4  Requirements  and  Assumptions  Overview 

The  following  two  sections  present  an  overview  of  the  requirements  and  assump- 
tions of  the  OFT  Onorbit/Rendezvoua  GNAC  navigation-related  software. 


3. 3 *4.1  Requirements  Overview 

The  following  statements  are  navigation  requirements  that  must  not  be  violated. 

To  Illustrate  the  requirements,  references  are  made  to  the  flowcharts  in  Appen- 
dix B. 

1.  During  the  time  that  a state  veotor  is  being  read  by  non-navigation  applica- 
tion software,  that  state  veotor  or  portions  thereof  will  not  be  updated  by 
the  navigation  software.  The  reset  equations  in  the  user  parameter 
propagator  shall  be  so  protected. 

2.  Statements  that  snap  data  upon  entry  into  navigation  shall  be  made  so  that 
a timewise  consistent  set  of  data  is  obtained  before  the  set  of  data  is 
used. 

3.  The  navigation  sensor  read  fUnotions  must  not  be  interrupted  by  other  pro- 
grams until  they  are  completed. 

4.  Sinoe  the  acceleration  models  are  to  be  used  by  both  a navigation  processing 
principal  function  (onorbit  or  rendezvous  navigation)  and  the  predictor 
principal  function,  execution  of  the  model  (for  a given  cycle)  shall  not  be 
Interrupted  (ACCEL  _ONORBIT) . 

5.  The  speoific  display  interface  flags  (PHRD  FLTJJAV,  REND_NAV_FLAG,  MEAS_ 
ENABLE,  ANGLESJLIF,  RANGE_AZF,  RDOT_AIF)  shall  not  have  their  values  changed 
by  any  source  external  to  navigation  during  the  exeoutlon  of  a navigation 
cycle . 

6.  The  Onorbit/Rendezvoua  sequencer  principal  function  shall  have  the  capabil- 
ity to  execute  at  a maximum  rate  of  one  cycle  each  1.92  seconds. 

7 During  any  navigation  phase,  execution  of  the  Onorbit/Rendezvous  Sequencer 
and  the  Onorbit/Rendezvous  Navigation  principal  function  shall  take  prece- 
dence over  the  execution  of  the  Onorbit  Precision  State  Prediction  principal 
function.  This  requirement  is  needed  to  assure  that  both  the  sequencer  and 
navigation  principal  function  executions  will  not  be  delayed  by  execution  of 
the  predictor  principal  funotion.  This  requirement  shall  not  apply  to  the 
initialization  procedures  Which  take  place  upon  entering  OPS  2 or  OPS  8. 


3. 3-4.2  Assumptions  Overview 

The  following  sections  present  the  assumptions  that  were  used  in  the  development 
of  the  Level  C Onorbit/Rendezvous  requirements.  The  first  section  consists  of 
those  assumptions  made  that  affect  onorbit  requirements  as  well  as  assumptions 
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that  affect  both  onorbit  and  rendezvous  requirements . Section  3'3>4.2.2  con- 
tains only  rendezvous  related  assumptions. 


3. 1.4. 2.1  Onorbit /rendezvous  assumptions 

1.  Upon  entering  OPS  2 or  OPS  8 the  Orbiter  position  and  velocity  vectors, 
obtained  from  the  previous  OPS,  must  be  predicted  to  ourrent  time.  Sinoe 
this  prediction  is  essential  to  the  navigation  task,  the  aequenoer  principal 
function  execution  must  be  dependent  on  the  suooessful  prediction  of  the 
Orbiter  state  veotore.  In  order  to  minimize  the  delay  due  to  the  execution 
of  the  prediotor  principal  function,  the  Initial  step  size  (PRED_STGP_OPSw 
INIT),  is  set  to  ensure  that  only  one  prediction  step  will  be  taken  by  the 
prediotor. 

2.  No  onboard  external  data  are  processed  during  the  non-rendezvous  portion  of 
operational  sequence  (OPS)  2 (i.e.,  onorbit  coast  and  onorbit  powered 
flight).  One-way  Doppler  tracking  and  data  relay  satellite  system  (TDRSS) 
measurement  incorporation  is  not  currently  planned  for  the  orbital  flight 
test  (OFT)  program. 

3.  A six -dimensional  state  vector  is  maintained  during  nonrendezvous  portions 
of  OPS  2 and  during  OPS  8 (three  position  and  three  velooity). 

4.  Prestored  values  for  a nominal  body  oontact  foroe  (due  to  venting  and/or 
uncoupled  thrusting,  etc.)  and  vehicle/payload  area  configuration  are 
required  for  acceleration  models. 

5.  The  Inertial  measurement  unit  subsystem  operating  program  (IMU  SOF)  provides 
an  estimate  of  the  total  accumulated  IMU  velocity  at  the  time  of  a data  snap 
in  the  presenoe  of  commfaults. 

6.  OPS  2 and  OPS  8 computational  aocuraoy  is  assumed  to  be  of  AP101  double  pre- 
cision acouracy  where  mixed  mode  arithmetic  is  employed. 

7.  Incorporation  of  sensed  velocity  into  the  state  propagation  integrator  is 
controlled  by  setting  the  PWRD_FLT_NAV  flag  in  conjunction  with  an  accelera- 
tion threshold.  This  flag  is  set  by  either  moding,  sequencing,  and  oon- 
tnol  (MSC),  or  by  the  crew  via  item  entry  on  the  REL  NAV  display  (in  OPS  2) 
or  the  FCS_DIS_C/0  display  (OPS  8).  MSC  will  activate  the  PWRD_JLT_NAV  flag 
upon  entranoe  into  Major  Mode  202  and  deactivate  it  upon  transition  from 
Major  Mode  202  to  Major  Mode  201.  The  crew  oan  activate/deaotivate  the  PWRD 
FLT_NAV  flag  in  Major  Mode  201  specifically  to  handle  major  manual  transla- 
tion maneuvers  and  auxiliary  power  unit  (APU)  venting  (during  OPS  8)  using 
the  REL_NAV  display  (OPS  2)  or  the  FCS  DIS  C/0  display  (OPS  8). 

8.  Use  of  sensed  velocity  in  the  navigation  state  propagator  is  triggered  by  en- 
tranoe into  the  onorbit  or  rendezvous  powered  flight  navigation  phase  (Event 
67  OPS  2,  or  via  crew  control  on  the  REL_NAV  or  FCS_DIS_C/0  display  in  Major 
Mode  201  or  801)  and  by  testing  accelerometer  output  versus  prestored  thresh- 
old levels.  The  threshold  level,  in  micro  g’s,  oan  be  changed  by  crew  input 
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on  the  XMJ  ALIGN  DISPLAY.  The  crew  Inputted  threshold  level  will  be 
preserved  during  OPS  2 and  OPS  8 transitions. 

9.  Backward  and  forward  integration  oapability  is  provided  for  state  prediotion 
and  propagation. 

10.  Current  attitude  is  used  for  propsgation. 

11.  The  preoision  state  prediotion  function  has  aoouracy  ooaparable  to  that  of 
the  preoision  state  propagation  funotion  and  has  the  option  of  being 
exeouted  in  a faster  (but  less  aoourate)  oonio  mode. 


12.  Acceleration  models  inolude  both  attitude-dependent  and  oonstant  ballistic 
coefficient  drag,  a ventlng/RCS  body  oontact  force,  and  Berth  gravity 
effects . 

13.  Only  one  Orbiter  and/or  target  state  vector  shall  be  maintained  during  all 
navigation  phases  in  OPS  2 and  OPS  8. 

19.  The  acceleration  due  to  lift  foroe  is  assumed  to  be  negligible  in  the  atmos- 
pheric drag  acceleration  model. 

15.  An  automatic  in-flight  update  oapability  will  be  provided  by  which  the 
ground  oan  uplink  either  an  Orbiter  or  a target  state  vector  (M50)  and 
associated  time  tag  during  any  navigation  phase  (rendezvous  or  nonrendez- 
vous). The  following  additional  assumptions  apply  to  this  capability: 

a.  The  ground  shall  uplink  one  vehicle  state  (three  position,  three  veloc- 
ity, associated  time  tag,  and  OPOODE)  at  a time. 


b.  The  onboard  software  receiving  these  data  (ground  uplink  high-rate  spe- 
cial processing  S/W  processor)  will  set  the  DO_OV_UPLINK  or  DO_TV_UPLINK 
flag  to  ON  to  speoify  whether  the  uplinked  data  pertains  to  Orbiter  or 
target,  and  set  up  one  of  the  following  two  variable  sets  depending  on 
the  results  of  this  test: 


Orbiter 

uplink 

R _GND 

V _GND 

T_GND 

D0_0V_UPLINK  s CN 


or 


target 

uplink 

R _TV_QND 

V _TV_GND 

T_TV_GND 

DO_TV_UPLINK  r ON 


c.  The  navigation  software  has  the  oapability  of  reinitializing  the 

Orbiter  and/or  target  state  vectors  (and  associated  covarianoe  matrix 
during  rendezvous)  in  a single  navigation  cycle. 
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d.  If  a target  vector  la  uplinked  during  a nonrendezvous  navigation  phase, 

It  Is  stored  for  eventual  use  In  a rendezvous  phase. 

16.  Propagation  of  Orbiter  and  target  position  and  veloolty  veotors  Kill  be 
performed  by  use  of  the  super-0  integration  soheme  during  all  navigation 
phases . 

17.  If  the  sensor  (inoluding  IMU)  SOP* a are  not  in  the  same  general-purpose  com- 
puter (OPC)  as  the  navigation  filter  software,  then: 

a.  Data  and  time  tag  must  be  preserved  as  a pair. 

b.  IOC  transmission  rate  must  be  fast  enough  suoh  that  the  data  time  tag 
and  ourront  time  (in  navigation  OPC)  difference  shall  not  adversely  af- 
fect navigation  software  performance. 

If  the  sensor  SOP ’s  and  navigation  filter  reside  in  the  same  OPC,  then: 

a.  Data  must  be  time  tagged. 

b.  Data  must  be  the  latest  available  at  the  time  of  the  data  snap. 

18.  The  onorbit/rendezvous  navigation  sequencer  will  always  snap  IMU  data  and 
predict  the  last  available  state  vector  to  current  time  when  a memory  transi- 
tion has  been  performed: 

OPS  1 to  2 
OPS  2 to  8 
OPS  3 to  2 
OPS  8 to  2 
OPS  0 to  2 

19.  The  onorbit/rendezvous  navigation  sequenoer  is  capable  of  responding  to  the 
following  crew-oontrolled  functions  on  the  REL_NAV  and  FCSJDIS_C/0  displays: 

a.  RELJ1AV 

(1)  Enable/disable  onorbit  and  rendezvous  navigation  phases. 

(2)  Set  flags  for  powered  flight  and  coasting  flight  during  Major 
Mode  201  (refer  to  Assumption  6). 

(3)  Allow  measurement  processing  during  rendezvous  navigation,  Major 
Mode  202. 

b.  FCS_DIS_C/0  display  (OPS  8):  Set  positive  feedback  flags  to  display 
for  indicating  powered  flight  or  coasting  flight  conditions. 
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3. 3. 2. 2 Rendezvous-only  assumptions 

1.  Entrance  into  the  rendezvous  navigation  phase  shall  require  target  position 
and  velocity  vectors  that  have  successfully  been  predicted  to  within  a de- 
sign dependent  toleranoe  of  ourrent  navigation  time.  A flag,  DOINGJRRND_ 
NAV,  shall  be  set  to  indicate  to  the  orew  as  well  as  other  software  that  the 
rendezvous  navigation  phase  is  active. 

2.  The  onboard  navigation  software  will  store  prenission  data  for  only  one  tar- 
get vehicle. 

3>  It  is  assumed  that  one  of  the  vehicles  (either  target  or  Shuttle)  will  have 
an  accurately  known  position  and  velooity  vector  throughout  the  rendezvous 
navigation  phase.  The  onboard  navigation  will  carry  a flag  (SHUTTLE_FILTBR_ 
FLAG)  which  will  determine  whether  the  Shuttle  or  target  state  vector  will 
be  updated  by  the  Kalman  filter.  The  present  design  assumes  that  the  SHUT- 
7LE_F ILTB R_FLAO  will  be  a mission  dependent  (I -LOAD)  parameter;  however,  it 
is  anticipated  that  future  requirements  may  dictate  that  this  flag  be 
changed  via  UPLINK  or  orew  display.  Accordingly,  any  implementation  should 
have  the  flexibility  to  allow  for  suoh  a ohange  with  minimum  impact. 

A.  The  state  vector  maintained  for  rendezvous  navigation  will  oonsist  of  13 
components . 

Component  no.  Description 

1-3  Vehiole  position  (Shuttle  or  target) 

4-6  Vehicle  velocity  (Shuttle  or  target) 

7-9  Unmodeled  acceleration  estimates 

10-13  Rendezvous  tracker  bias  estimates 


5.  A capability  shall  be  available  to  make  the  unmodeled  acceleration  states 
consider  parameters  only.  In  this  mode,  the  uncodeled  acceleration  states 
are  not  updated  by  Kalman  processing  but  the  statistics  are  carried  in  the 
covariance  matrix  to  act  as  state  noise.  An  I-LOAD  parameter  will  determine 
if  this  capability  is  in  operation  or  not  and  this  parameter  will  not  be 
changed  throughout  the  mission. 

6.  There  is  no  capability  to  uplink  vents  or  thrusts  for  the  target  vehicle. 

7.  A 13  by  13  oovarianoe  matrix  of  Aries  mean  of  1950  position  and  velocity, 
unmodeled  acceleration  bias  errors,  and  of  (at  most)  four  rendezvous  tracker 
(instrument)  biases  is  propagated  during  rendezvous  ooast  and  rendezvous 
powered  flight  navigation  phases. 

6.  A valid  or  appropriate  target  vector  shall  always  be  I-LOADED  or  UPLINKED 
prior  to  entry  into  the  rendezvous  navigation  phase. 

9.  Upon  entering  rendezvous  navigation,  the  oovarianoe  matrix  is  initialized  to 
values  stored  in  certain  memory  locations.  These  values  are  initialized 
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through  I- LOAD  and  the  position-velooity  submatrix  nay  be  redefined  with 
a ground  uplink  at  any  tine. 

10.  The  oapability  to  load  a premission  determined  set  of  known  sensor  biases 
(determined  by  calibration)  into  the  bias  slots  of  the  navigated  state 
veotor  shall  be  provided. 

11.  Both  target  and  Orbiter  states  shall  be  propagated  but  only  one  state 
will  be  updated  by  the  Kalman  filter. 

12.  The  oovarianoe  propagation  shall  be  done  at  a multiple  (MCYCLK)  of  the  state 
propagation  rate  to  allow  for  slower  measurement  prooessing.  The  following 
subfunotions  shall  be  done  at  the  oovarianoe  propagation  rate. 

a.  Sensor  measurement  selection 

b.  Measurement  reconfiguration 

c.  Oovarianoe  matrix  propagation 

d.  All  measurement  incorporation  subfunctions 

e . Measurement  processing  statistics 

13-  All  rendezvous  tracker  bias  varianoes  are  propagated  as  exponentially 
correlated  random  variables  in  the  error  covariance  matrix  propagation. 

14.  The  unmodeled  acceleration  bias  states  are  propagated  as  exponentially 
correlated  random  variables. 

15.  The  covariance  matrix  oan  be  reinitialized  in  any  of  four  ways: 

a.  Execution  of  Orbiter  to  target  state  transfer  on  the  REL_NAV  display, 

b.  Execution  of  target  to  Orbiter  state  transfer  on  the  REL_NAV  d. splay, 

0.  Execution  of  oovarianoe  matrix  reinitialization  on  the  REL_NAV  display, 
or 

d.  Auto  inflight  update  of  either  the  target  or  the  Orbiter. 

In  each  of  these  cases  the  covariance  matrix  is  set  to  the  values  contained 
in  a specified  set  of  memory  locations.  The  position  and  velocity  portions 
of  the  oovarianoe  matrix  are  computed  using  parameters  that  can  be  changed 
by  ground  uplink. 

16.  The  following  external  data  will  be  prooessed  during  the  rendezvous  coast 
navigation  or  during  rendezvous  powered  flight  when  measurement  processing 
is  enabled  and  the  acceleration  level  is  below  a predetermined  threshold. 
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a.  Rendezvous  radar  shaft  angle,  trunnion  angle,  range,  and  range  rate 

b.  Star  tracker  horizontal  and  vertical  angles 

c.  Crew  optioal  alinement  sight  (COAS)  horizontal  and  vertical  angles. 

17.  External  neasureaent  angle  data  are  selected  and  processed  mutually 
exclusively  on  an  instrument  basis.  The  rendezvous  radar  range  and  range 
rate  may  be  processed  with  COAS,  star  tracker,  or  rendezvous  radar  angles. 

The  display  interface  processor  (DIP)  will  ensure  this  by  activating  the  nav- 
igation sensor  selection  ENABLE  flag  for  only  the  most  reoently  crew- 
selected  instrument. 

18.  External  measurement  data  processing  is  inhibited  for  display  and  state 
vector  updates  whenever  IMU  sensed  delta  velocities  are  in  excess  of  a de- 
sign dependent  amount  (MEAS_THRESHOLD) . 

19.  During  Major  Mode  202,  when  the  MEAS_ENABLE  switch  cm  the  RELJiAV  display  is 
set  to  OFF,  the  measurement  statistics  will  be  computed  for  display  (assuming 
the  data  are  valid),  but  the  measurements  will  not  be  incorporated  into 

the  state  vector  update. 

20.  If  a sensor  AUTO/INHIBIT /FORCE  (AIF)  flag  is  switched  to  FORCE  by  the  crew, 
this  FORCE  will  be  acknowledged  by  navigation  for  one  navigation  cycle  only. 
After  one  cycle  the  flag  must  be  reset  to  FORCE  in  order  to  force  data. 

After  the  AIF  flag  has  been  processed,  a copy  of  the  AIF  flag  is 
communicated  to  the  RELJIAV  display  by  navigation. 

21.  There  shall  be  a bilevel  edit  criterion  in  the  navigation  filter.  If  the 
crew  attempts  to  force  data,  the  allowable  residual  ratio  threshold  shall  be 
formulated  as  the  larger  of  either  the  sum  of  the  last  residual  ratio  for 
the  measurement  type  being  processed  and  a design  dependent  amount  (DELTA_ 
RESID_RATI0)  or  the  number  1.  For  angle  data  the  last  residual  ratio  is 
equal  to  the  greater  of  the  two  angle  residual  ratios  from  the  previous 
cycle . 

22.  There  shall  be  a data  valid  flag  for  rendezvous  radar  range  and  a data 
valid  flag  for  rendezvous  radar  range  rate.  There  will  be  a single  ..ta 
valid  flag  for  each  of  the  following  angle  sets:  Rendezvous  radar  aigles, 
star  tracker  angles,  and  COAS  angles. 

23*  COAS  processing  is  formulated  such  that  data  uhieh  is  stalw  by  more  than  a 
design  dependent  amount  ( DELTAT_00AS_MAX ) is  considered  invalid  data  and 
is  not  processed.  Furthermore,  the  same  data  will  not  be  Incorporated  twice 
by  the  filter. 

24.  The  star  tracker  SOP  shall  supply  a flag  indicating  that  the  star  tracker  is 
in  the  target  tracking  mode. 

If  the  star  tracker  is  not  in  the  target  tracking  mode  then  ti.v  angle  data 
are  considered  invalid  and  it  is  not  processed  by  the  filter. 
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25.  The  Rendezvous  Radar  SOP  shall  supply  a flag  indicating  if  the  rendezvous 
radar  is  in  the  self  test  mode  and,  if  it  is,  none  of  the  rendezvous  radar 
measurements  (range,  range  rate,  or  angles)  are  processed  by  the  filter. 

26.  Kalman  filter  statistics  (residuals  and  residual  ratios)  will  be  calculated 
and  displayed  for  each  sensor  type  (range,  range  rate,  angles)  whenever  ren- 
dezvous navigation  is  enabled  and  the  sensor  data  are  valid. 


3. 3- ^-2. 3 General  requirements 

1.  Figure  3.3-1  presents  the  assumed  verified  OFT  transitions  for  OPS  2 and  OPc 
8 and  a summary  of  the  events  and  major  mode  (MM)  transitions  that  the 
Onorbit/Render  .'<-us  Navigation  Sequencer  principal  function  must  acoount  for. 
The  following  1 at  of  assumptions  applies  to  these  verified  transitions: 

2.  There  are  four  navigation  phases:  onorbit  ooast,  rendezvous  coast,  onorbit 

powered  flight , and  rendezvous  powered  flight. 

3.  OPS  2 can  be  entered  from  OPS  1 and  can  only  begin  with  the  onorbit  ooast 
navigation  phase  of  the  Onorbit /Rendezvous  Navigation  principal  function. 

4.  A flag,  REND_NAV_FLAG,  shall  be  set  (and  reset)  external  to  the  onorbit/  ren- 
dezvous navigation  sequencer  and  onorbit/rendezvous  navigation  principal 
function.  It  is  assumed  that  the  crew  will  control  this  flag  setting  via 

the  REL_NAV  display.  ICC  may  also  control  the  flag  for  automatic 
transitions . 

5.  Once  the  onorbit  navigation  pi.asa  or  the  rendezvous  navigation  phase  has 
been  activated  (while  in  Major  Mode  201),  the  transition  from  one  to  the 
other  can  be  controlled  via  crew  resetting  of  the  REND_NAV_FLAG  via  the  REL. 
NAV  display.  This  option  is  also  available  during  Major  Mode  202. 

6.  Entry  into  OPS  2 from  OPS  3 can  only  occur  when  onorbit  navigation  is  used 
(i.e.,  cannot  begin  OPS  2 with  rendezvous  navigation  when  coming  from  OPS 
3). 

7.  Whenever  reentering  OPS  2 from  OPS  00,  entry  is  assumed  to  be  made  into 
Major  Mode  201  with  onorbit  navigation  active. 

8.  Transition  to  OPS  3 from  OPS  2 (Major  Mode  201)  can  occur  while  either  on- 
orbit or  rendezvous  navigation  is  active. 

9.  Transitions  into  OPS  2 and  OPS  8 can  only  begin  with  onorbit  navigation  ac- 
tive In  the  coast  flight  phase. 

10.  It  is  assumed  that  OPS  2 and  OPS  8 are  separate  memory  loads  in  which  all 
navigation  software  for  the  latter  is  contained  within  the  former.  A memory 
transition  shall  take  place  to  transfer  those  OPS  2 principal  functions 
needed  for  OPS  8,  namely 
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a.  Onorbit/Rendezvous  Navigation  Sequenoer 

b.  Onorbit/Rendezvous  Navigation 

o.  Onorbit/Rendezvous  User  Parameter  Processing  Sequenoer 

d.  Onorbit  User  Parameter  Prooesslng 

e.  Onorbit  Prediotor 

The  navigation  sequenoer  will  ourrently  indicate  a cancellation  and 
rescheduling  of  ONORBIT_RENDEZVOUS_NAVIQATION  during  the  transition  from  OPS 
8 to  OPS  2 or  OPS  2 to  OPS  8,  because  of  this  assumption. 
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FROM  OPS  1 


OPS  2 


EVENT  SUMMARY 

EVENT  NO. 

DESCRIPTION 

CRITERIA 

SOURCE 

60 

106  —•‘201 

OPS  201  PRO 

CREW 

60A 

OPS  8 — 201 

OPS  201  PRO 

CREW 

606 

201— OPS  8 

OPS  801  PRO 

CREW 

67 

201  —202 

PRO  OR  OPS 
202  PRO 

CREW 

73 

202  — 201 

PRO  OR  OPS 
201  PRO 

CREW 

84 

OPS  00  — 201 

OPS  201  PRO 

CREW 

85 

201  — OPS  3 

OPS  301  PRO 

CREW 

El 

OPS  3 —201 

OPS  201  PRO 

CREW 

60H 

OPS  8 —OPS  3 

CREW 

83 

OPS  2— OPS  00 

CREW/MSC 

Figure  3.3-1.-  Verified  OFT  transitions. 
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3.^1  TRACEABILITY 

Table  3.4  shows  the  traceability  of  the  software  segments  In  FSSR  Level  C with 
respect  to  the  CPDS  Level  B. 


TABLE  3 .11.-  SOFTWARE  REQUIREMENT  TRACEABILITY 


CPDS  Level  B ! 
Seotlon  No , ! 

1 


Software  Segment 


4.148 

4.198 


4.126 

4.246 


4.224 


! Onorbit /Rendezvous  Navigation  Sequencer 
! 

1 Onorbit  User  Parameter  Processing 
J Sequencer 
I 

! Onorbit /Rendezvous  Navigation 
! 

! Landing  Site  Update 
! 

I Onorbit  Ustr  Parameter  Processing 
! 

! Onorbit  Predictor 


FSSR  Level  C 
Seotlon  No. 
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OPERATIONAL  SEQUENCES  AND  MAJOR  MODES 


Table  3.5  identifies  the  OPS  2 and  OPS  8 operation  sequence  major  modes  as 
referenoed  in  Section  4,  Detailed  Requirements,  and  Appendix  B.  Detailed 
descriptions  may  be  found  in  the  Level  B CPDS. 


TABLE  3.5.-  OPERATION  SEQUENCE  MAJOR  MODES 


V 

f 

! 

! 

1 

Major  Mode  No. 

Onorbit/Rendezvous 

Phases 

! 

! 

1 

! 

1 

201 

Onorbit  powered  flight 
Onorbit  coast 
Rendezvous  powered  flight 
Rendezvous  coast 

1 

202 

Onorbit  powered  flight 

_ 

! 

1 

Rendezvous  powered  flight 

1 

1 

1 

! 

OPS  8 

Onorbit  powered  flight 
Onorbit  coast 

79FM10 


3.6  IMPLEMENTATION  CONSTRAINTS 

The  navigation  subsystem  design  is  capable  of  recovering  from  the  effects  of 
many  transient-type  errors.  Accordingly,  the  software  design  shall  not  preclude 
this  capability  by  causing  a program  halt,  permanent  discontinuance  of  naviga- 
tion processing,  or  loss  of  protected  data  as  a result  of  program  cheok  or  error 
interrupts. 

Cheok  or  error  interrupts  shall  be  prevented  by  software  safeguards,  or  standard 
fixup  and  error  returns  shall  be  provided  whieh  ere  appropriate  in  the  naviga- 
tion function  as  described  below. 

1.  Floating  Point  Overflow.  The  operation  in  process  should  be  terminated 
and  the  previous  stored  value  of  the  variable  retained. 

2.  Floating  Point  Underflow.  This  may  be  treated  in  the  same  manner  as 
floating  point  overflow,  or  the  variable  may  be  set  to  zero  and  prooessing 
continued. 

3.  Divide  by  Zero.  This  should  be  treated  in  the  same  manner  as  floating 
point  overflow. 

4.  Square  Root . The  square  root  of  a negative  number  should  be  treated 
in  the  same  manner  as  floating  point  overflow. 

5.  Arc  Sine . If  the  argument  is  greater  than  +1 , a value  of 9 *  11 /2  should 

be  returned.  If  the  argument  is  less  than  -1,  a value  of  -v/2  should  be 
returned.  In  either  case,  processing  shall  not  be  terminated. 

6.  Arc  Cosine.  If  the  argument  is  greater  than  +1,  a value  of  zero  should 

be  returned.  If  the  argument  is  less  than  -1,  a value  of  11  should  be  returned. 
In  either  ease,  processing  shall  not  be  terminated. 

7.  Arc  Tangent . If  both  arguments  are  zero,  a value  of  zero  should  be  returned. 

8.  Logarithm.  If  the  argument  cf  the  logarithm  function  is  negative  or 
zero,  the  operation  in  process  should  be  terminated,  and  the  previous  value 
of  the  result  retained . 

9.  Sine  and  Cosine . The  returned  value  of  sine  and  cosine  functions  should 

be  limited  to  the  interval  '-1,1  ’ and  the  functions  shall  be  capable  of 

accepting  any  valid  floating  point  numbers  as  arguments. 


79FM10 


4.0  DETAILED  REQUIREMENTS 

The  various  subsections  of  this  section  specify  the  detailed  requirements  for 
the  Shuttle  navigation  system  flight  software  package.  This  document  contains 
orbital  flight  test  (OFT)  detailed  requirements  for  Navigrtion  and  User  Parame- 
ter Processing  principal  functions  for  the  orbit  operatioi  s computer  load  (on 
orbit  and  rendezvous),  Operational  Sequence  (OPS)  2.  In  addition,  requirements 
dealing  with  other  navigation  software  functions  during  OPS  8 and  OPS  00  are 
also  addressed. 

When  viewed  in  the  larger  context  of  the  total  Shuttle  flight  software,  the  navi- 
gation software  package  documented  herein  is  a modular  system  whose  function  is 
to  supply  various  parameters  required  by  other  major  modular  systems,  such  as 
guidance,  displays,  flight  control,  etc.  The  requirements  placed  upon  the  navi- 
gation system  by  these  various  users  often  play  a large  role  in  determining  the 
design  structure  and  cyclic  rate  structure  of  the  navigation  system.  The 
required  interfaces  between  the  navigation  system  and  the  other  major  software 
systems  that  use  navigation  system  data  are  presented  i.i  the  Level  B CPUS  docu- 
ment that  controls  all  the  interfaces  between  principal  functions. 
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4.1  ONORBIT /RENDEZVOUS  NAVIGATION  SEQUENCER  PRINCIPAL  FUNCTION 

The  Onorbit/Rendezvous  Navigation  Sequencer  principal  function  must  initialize 
and  aequenoe  the  Onorbit/Rendezvous  navigation  principal  funotion  during  OPS  2 
while  the  following  major  modes  are  aotive: 

Major  Mode  201  - Onorbit  coast 

Major  Mode  202  - Maneuver  execute 

The  Onorbit/Rendezvous  Navigation  Sequencer  principal  function  must  also 
initialize  and  sequence  the  Onorbit/Rendezvous  Navigation  principal  function 
OPS  8 (orbital  operation  checkout). 

The  Onorbit/Rendezvous  Navigation  Sequencer  principal  function  must  also 
interface  with  certain  crew  controls  on  the  REL_NAV  and  FDS  DIS  C/0  displays 
relating  to  selection  of  rendezvous  navigation  (REND_NAV_FLAG),  to  selection 
of  powered  flight  versus  coasting  flight  navigation  phases,  and  to  selection 
of  measurement,  processing  in  Major  Mode  202  when  in  rendezvous  navigation. 

Detailed  requirements  for  Onorbit/Rendezvous  Navigation  processing  principal 
function  ore  identified  in  the  specific  principal  function  description  section 
4.2.  Cues  (events)  for  performing  the  proper  navigation  initialization  and 
sequencing  during  OPS  2 and  OPS  8 are  defined  in  the  Level  B GN&C  CPDS.  The  par- 
ticular events  and  resulting  navigation  software  actions  pertaining  to  the 
Onorbit/Rendezvous  Navigation  Sequencer  principal  function  are  shown  in  table 
4.1-1.  Dynamic  parameter  input/output  data  flow  between  the  Onorbit/Rendezvous 
Navigation  Sequencer  principal  function  and  other  principal  functions  are  shown 
in  table  4.1-2. 
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TABLE  A.  1-1.-  CaOBBIT/RENDEZVOOS  NAVIGATION  SEQUENCER  EVENTS 


tofhio 
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TABLE  4.1-1.-  QNOF'IT/RENVZVOUS  RAV1GATI08  SEQUENCER  EVENTS.-  Continued 


Event 

no. 


Description 


navigation  Criteria 


Navigation  Action 


El 


Transition  fron  OPS  3 to  (tCOI  (begin  OPS  2) 


OPS  201  PRO 


The  REND_KAV_FLAG  la  assuned  to  be  In  the  OFF  state. 
Sane  action  as  for  Event  60. 


Change  in  the  REND  NLV  FLAG  setting 
( l.e. , REND_NAV_FLAG  2— REND_NAV_FLAG_LAST ) 


Crw.  activates  REL_ 
NAV  display  control 
(RNDZ  NAV  ENA) 


If  the  REND_NA»_FLAG  : OFF  (l.e.,  entering  an  onorblt  coasting 
navigation  phase): 

CALL:  REND_RAV_EXIT 

IF  REND_NAV_FLAG  = ON  (l.e.,  entering  a rendezvous  coast 
navigation  phase): 

CALL:  REND  NAV  UIT 


Begin 

67 


powered  Flight  navigation  phases  (onorblt  or 
Transition  Fron  JM201  to  M4202 


rendei 


izvous) 

OPS  202  PRO 


SET:  PVJO_PLT_NAV  s ON 

DOUG  PHRD  FLT  NAV  s OK 


PerFons  special  tasks  upon  teralnatlon  oF  OPS  2. 

608  ! Transition  rron  IM201  to  OPS  8 

(terminate  OPS  2) 


OPS  801  PRO  (refer 
to  VO,  Level  B CPDS) 


SET:  MASSINIT  = CURB_ORB_HASS 

B_  PILT  INTT  ■ B_  PILT 
V FILT  1NIT  s V PILT 
T_FlLTjUirr  • T~LAST_F1LT 

CANCEL:  NAV  0K0RB1T  RENDEZVOUS 
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TABLE  4.1-1.-  ONORB  IT /RENDEZVOUS  NAVIGATION  SEQUENCES  EVENTS.-  Continued 


Brant 

no. 


Dnacrlpti.cn 


Navigation  Criteria 


Navigation  Action 


85 


Transition  from  MC01  to  OPS  3 
(terminate  OPS  2) 


OPS  301  PRO 


Sane  action  as  for  Event  60B  except  the  current  Orhlter  aaaa(CORR_ 
ORB  HASS)  la  not  saved  for  the  memory  transition  as  HASS  IN IT 


83 


Transition  frou  OPS  2 to  OPS  00 


Sane  action  as  for  event  60B 


THE  FOLLOWING  PERTAIN  TO  SEQUENCER  FONCTIONS  DURING  OPS 

Begin  coastliq;  flight  navigation  phase  (OPS  8). 

60B  I Transition  fron  ItCOI  to  OPS  8 
(temlnate  OPS  2) 


OPS  801  PRO  (refer 
to  VU,  Level  B CP OS) 


SET:  NAV_CORR_ORB_HRSS  a MASS_IRIT 

CALL:  0PS_2_0B  _8_DHTIALIZB 

SCHEDULE:  NAVONOSBITREIBBZVOUS , repent 

01  BAV  STATE  PBOP 


Perform  special  taska  upon  termination  of  OPS  8 


60A 


Transition  fran  OPS  8 to  (M201 


OPS  201  PRO 


SET:  MASS_nrr  * CURR  0R8  HASS 


R PILT  HIT  a B PILT 
V “PILT*  INZT  a V~  PILT 
T PILT  llIT  « T~LA3T_PILT 

CANCEL:  NAV_0H0RBIT_BEND6ZV0US 


TOPWO 


TABLE  A. 1-1 QUOPB  IT  /RKHDEZVOOS  HAY  I GAT  I OB  SEQUEHCEfl  ETKHTS.-  Concluded 


Event  ! 

no.  1 Description 


60H  ! Transition  froa  OPS  8 to  OPS 


Navigation  Criteria 


navigation  Action 


3 


MSC 


Sane  as  E7EMT_60A  except  the  current  OrMter  ■ ess  value  (COBB_ 
ORB_HASS)  Is  not  saved  for  the  memory  transition. 


79PM10 


TABLE  4.1-2.-  ONORBIT /RENDEZVOUS  NAVIGATION  SEQUENCER  PRINCIPAL 

FUNCTION  INPUT/OUTPUT 


Variable 

Name 


I 
1 
I 

I 

I 

IATMP 

! 

I 

! 

!COV  ACCEL  UVW 
UNIT 
1 

ICOV  COR_UPDATE 
! 

ICURR  ORB  MASS 
I 
! 

IOOV  PWRD  FLT 
I 

ICOV  PWRD  FLT 
! LAST 
! 

!DMP 

! 

! 

I 

IDO  CO AS  ANGLES 
t NAV_LAST 
l~ 

!DOING_MEAS 

(ENABLE 

I 

(DOINGPWRD  FLT 
! NAV 

f 

! 

f DOING_REND_NAV 
I 
I 
I 
I 
! 

I DO_RR_ANGLES_ 
l NAV  LAST 
I 


Principal  Function 
Source 


t 

I 

loc&I  (Principal  Function 
Destination!  Destination 
I 


Local 

Source 


I 

(Onorbit 
(Predictor,  TLM 
I 
I 

(Onorbit/Rend  Nav 

I 

I 


Ground  Uplink 
Onorbit  Guidance 


COVINIT  UVW! 

I 

NAV  EXIT 


(Onorbit/Rend  Nav, 
(Onorbit  Guidance 
! 

(Onorbit/Rend  Nav 
! 

(Onorbit/Rend  Nav 
i 
! 

(Onorbit  Predictor 
! 

! 

! 

(Onorbit/Rend  Nav 

I 

I 

(REL  NAV  display, 
!TLM~ 

! 

(REL  NAV  display, 
itlm7fcs_dis_c/o 
(display 
! 

(REL  NAV  display, 
(TLMT  ONORBIT/REND 
(NAV,  ONORBIT/REND 
(USER  PARAMETER 
(PROCESSING 
I 

(Onorbit/Rend  Nav 
! 

I 


OPS  2 OR  8_ 

initialize! 

REND_NAV  INIT 
REND  COV  INIT 


ONORBIT  REND 
NAV_ CEQUENCER 

RFND_NAV_INIT 

REND  NAV  INIT 


OPS  2 OR  8_ 
INITIALIZE, 
REND_NAV_INIT 

REND  COV  INIT 


ONORBIT  REND 
NAV_SEQUEN  CER 

ONORBIT_ 

REND  NAV 
SEQUENCER 

REND_NAV_ 
INIT,  REND_ 
NAV  EXIT 


REND  COV  INIT 


79FM10 


TABLE  4.1-2.-  ONORB IT /RENDEZVOUS  NAVIGATION  SEQUENCER  PRINCIPAL 
FUNCTION  INPUT /OUTPUT.-  Continued 


Variable 

Name 


DO_RRDOT  NAV 
LAST 

DO  ST  ANGLES 
NAV_LAST 

DT  FILT 


DV  COV 


DV  FILT 


EVENT  El 


! 

! 

Principal  Function!  Local 

Source  (Destination 
I 


Onorbit/Rend  Nav 


! 

I 

(REND  COV 
UNIT- 
I 
! 

! 

! 

IREND  COV 
UNIT- 
! 

! 

! 

! 

I 

Moding,  Sequencing !ONORBIT_ 
and  Control  (REND  NAV_ 

(SEQUENCER 
! 


Onorbit/Rend  Nav 


Principal  Function 
Destination 


Onorbit/Rend  Nav 


Onorbit/Rend  Nav 


Onorbit/Rend 
Navigation,  TLM 


Onorbit/Rend  Nav, 
TLM 


TLM 


Local 

Source 


REND  COV  INIT 


REND  COV  INIT 


COVJLAST 

RESET 


COV INIT  UVW, 
UA  BIAS“AND 
COV IN IT~ 


EVENT_60 

EVENT_60A 


EVENT  60B 


Moding,  Sequencing (ONORBIT 
land  Control  (REND  NAV 

(SEQUENCER 
! 

Moding,  Sequencing (ONORBIT 
and  Control  !REND_NAV 

(SEQUENCER, 
(NAV  EXIT 
! 

Moding,  Sequencing (ONORBIT 
and  Control  (REND  NAV 

! (SEQUENCER, 

(NAV  EXIT 
! 

! 

! 

1 


TLM 


TLM 


(TLM 

» 
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TABLE  4.1-2.-  ONORBIT/RENDEZVOUS  NAVIGATION  SEQUENCER  PRINCIPAL 
FUNCTION  INPUT /OUTPUT.-  Continued 


I ! 

i I 


Variable 

Name 

EVENT_60H 
EVENT67 
EVENT_73 
EVENT  83 

EVENT_84 
EVENT  85 


IPrinoipal  Function!  Local  IPrinoipal  Function 
! Source  (Destination!  Destination 

J ! ! 

! ! ! 

IModing,  Sequencing l 0N0RBIT_  ITLM 
land  Control  IREND_NAV_  1 

! {SEQUENCER  1 

1 t t 

IModing,  Sequencing  10N0RBIT_  ITLM 

land  Control  !REND_NAV  1 

1 (SEQUENCER  I 

1 ! 1 

IModing,  Sequencing I0N0RBIT_  ITLM 

land  Control  !REND_NAV  1 

1 {SEQUENCER  1 

1 ! 1 

IModing,  Sequencing!ONORBIT_  !TLM 
land  Control  JREND  NAV  1 

! (SEQUENCER,  ( 

( (NAV  EXIT  l 

! II 

IModing,  Sequencing !ONORBIT_  (TLM 

land  Control  !REND_NAV_  ! 

! (SEQUENCER  I 

! ! ! 

(Moding,  Sequencing IONORBIT  (TLM 
(and  Control  (REND  NAV  ( 

! (SEQUENCER  ! 

I ' ! 


Local 

Source 


FILT  UPDATE 


GMDP 


GMOP 


G TV  LAST 


1 


1 Onor b i t /Rendezvous 


SHUTTLE  RESET 


!User  Parameter 


(Processing 

i 

(Onorbit  Predictor 
l 
! 

! 


OPS  2_OR_8 
INITIALIZE^ 
REND  NAV  INIT 


(Onorbit  Predictor 
! 

! 

! 


0PS_2  OR_8_ 

initializeT 

RENDJJAV  INIT 


(Onorbit/Rend  Nav 
I 
( 


REND_COV_INIT 


SUSP 


—2, 
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TABLE  4.1-2.-  ONORB IT /RENDEZVOUS  NAVIGATION  SEQUENCER  PRINCIPAL 
FUNCTION  INPUT /OUTPUT.-  Continued 


Variable 

Name 


! 

I 
f 
! 

I 

! 

!I  CYCLE 
I ~ 

! 

I IDRAG 

I 

I 

IIGD 

I 
! 

II  GO 
1 

! 

II VENT 

I 

I 

IMASS_INIT 

I 


I 

!MEAS_ENABLE 

I 

I 

!NAV_CURR_ 

IORB_MASS 

1 

IN  _ACCEPT 

r 

i 

I NOISY  NAVMEAS 
I 

IN  REJECT 
1 
1 

IOPS_2  0R_8_ 
IINITIALIZE_ 

! COMPLETE 
I 

I PRED_ORB_AREA 

I 

I 

IPRED_ORB_CD 

1 


Principal  Function 
Source 


I 

I 

Local  IPrinoipal  Function 
Destination!  Destination 
I 


Local 

Source 


Onorbit/Rend  Nav 
Onorbit/Rend  Nav 
Onorbit/Rend  Nav 
Onorbit/Rend  Nav 


Onorbit/Rend  Nav. 
Seq. 


REND  COV 
INIT” 

REND_C0V_ 

INIT 

PEND_COV_ 

INIT 

REND_COV_ 

INIT 

ONORBIT_ 

REND_NAV_ 

SEQUENCER 


I 

!Onorbit/Rend 
I Nav,  TLM 
I 
I 


REND  COV  INIT 


I 

I 

!Onorbit/Rend  Nav 
ISeq 
I 
I 

lOnorbit/Rend  Nav 

I 

I 

ITLM 

I 

I 

lOnorbit/Rend  Nav, 

ITLM 

I 

lOnorbit/Rend  Nav 
I 

I Onorbit/Rend  Nav, 

ITLM 

I 

lOnorbit/Rend  User 
IParameter  Proces- 
Ising  Seq,  MSC 
I 

lOnorbit  Predictor, 

ITLM 

I 

lOnorbit  Predictor, 
ITLM 
! 


NAV  EXIT 


ONORBIT_REND_ 
NAV  SEQUENCER 

ONORB IT_REND_ 
NAVSEQUENCER 

DISPLAY_COUNT 

_1NIT 

REND_NAV_INIT 

DISPLAY_COUNT 

_INIT 

0PS_2_0R_8_ 

INITIALIZE 


0PS_2_0R_8_ 

INITIALIZE" 

0pS_2_0R_8 

INITIALIZE" 
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TABLE  4.1-2.-  ONORB IT/RENDEZVOUS  NAVIGATION  SEQUENCER  PRINCIPAL 
FUNCTION  INPUT /OUTPUT.-  Continued 


Variable 

Name 


! I 

! ! 

Principal  Function!  Local  (Principal  Function 
Souroe  (Destination!  Destination 
t I 


Local 

Souroe 


PRED_ORB_MASS 

PRED_STEP 

PREDJJSE 
PWRD_FLT_NAV 
REND  NAV  FLAG 


Onorbit/Rend  Nav 


REL_NAV  display 


R FILT 


R FILT  I NIT 


R LAST 


Onorbit/Rend  Nav 


ASC  NAV  SEQ.,  D/L 
NAV  SEQ. , 
Onorbit/Rend  Nav 
Seq 


! 

! 

(REND  NAV 
UNIT 
I 
! 


! 

! 

!ONORBIT_ 

!REND_NAV_ 

! SEQUENCER, 
(REND_NAV_ 
(INIT 
! 

! REND_COV_ 
(INIT , NAV_ 
(EXIT,  COV_ 
!LAST_ RESET 

! 

!OPS_2_OR_8 

(INITIALIZE- 

! 

1 

! 


( 

(Onorbit  Predictor, 

(TLM 

I 

(Onorbit 
(Predictor,  TLM 
( 

I 

(Onorbit/Rend  Nav, 
(TLM 
! 
i 
! 

(TLM,  Onorbit/ 

(Rend  Nav,  ORB  UPP 
1 
! 

( 

(TLM 

! 

I 

! 

! 

! 

(Onorbit/Rend  Nav 
! 

! 

( 

( 

(D/L  Nav  Seq, 
(Onorbit/Rend  Nav 
(Seq 
! 

! 

(Onorbit/Rend  Nav 
! 


OPS_2_OR_8_ 

INITIALIZE 

OPS  2_OK_8__ 
INITIALIZE, 
REND_NAV_INIT 

REND  NAV 
INIT7  STATE 
VECTOR 
PREDICT_TASK 

ONORBIT  REND 
NAV_SEQUEN-  ~ 
CER,  OPS  2_0R 
_8_INITIALIZE 

REND  NAV  INIT 


OPS_2_OR_8 

INITIALIZE- 


NAV  EXIT 


C0V_LAST_ 

RESET 


TABLE  4.1-2.-  ONORBIT /RENDEZVOUS  NAVIGATION  SEQUENCER  PRINCIPAL 
FUNCTION  INPUT /OUTPUT.-  Continued 


79FM10 


k\ 

l*  ' 


I 


! I 

I I 


Variable 


Principal  Function 


Local 


IPrincipal  Function! 


Name  I Source  (Destination!  Destination  ! 

! ! ! L 

! ! ! ! 

R PRED_FINAL  lOnorbit  Predictor  !0PS  2 0R_8  !TLM  ! 

! ! INITIALIZE” ! ! 

! !REND_NAV_  ! ! 

! UNIT,  STATE!  ! 

! ! VECTOR  ! ! 

! !PREDICT_  ! I 

! ITASK  ! ! 

! ! ! ! 


Local 

Source 


R _PRED_INIT 


R RESET 


R TV 


Onorbit/Rend 

Nav 


R _TV_LAST 
R TV  RESET 


SEQ_ACCEPT 


SEQ_REJECT 


SIG_UPDATE 


Ground  Uplink 


SQR_EMU 


lOnorbit  Predictor, !OPS_2_OR_8 


!TLM 

1 

! 

! 

! 

! 

!0norbit/Rend 
!User  Parameter 
(Processing 
! 

!Onorbit/Rend 

(INITIALIZE, 
(REND  NAV 
UNIT,  STATE 
(VECTOR 
!PREDICT_TASK 
! 

(SHUTTLE  RESET 
I 
1 
! 

(REND  NAV  INIT 

REND  NAV 

INIT,  00V 

!Nav 

! 

LAST_RESET 

! 

! 

! Onorbit/Rend 
!Nav 
! 

!Onorbit/Rend 
!User  Parameter 
(Processing 
! 

(Onorbit/Rend 

i 

! 

(COV  LAST 

(RESET 

t 

(TARGET  RESET 
! 
i 
i 

(DISPLAY  COUNT 

(Nav,  TLM 

!_INIT 

! 

1 

(Onorbit/Rend 

(DISPLAY  COUNT 

(Nav,  TLM 

! INIT 

! 

! 

COVINIT  UVW!  ! 


! ! 
!Onorbit/Rend  Nav,  !OPS_2_OR_8 
lOnorbit  Predictor  UNITIALIZE 


■V 


'■t 

f 

•n  tr 


■ 
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TABLE  4.1-2.-  ONORBIT/ RENDEZVOUS  NAVIGATION  SEQUENCER  PRINCIPAL 
FUNCTION  INPUT /OUTPUT.-  Continued 


1 Variable 
! Name 

1 II  1 

1 II  I 

(Principal  Function 1 Local  IPrincipal  Function  1 Local 

1 Source  (Destination!  Destination  1 Source 

1 I I 1 

1 

I 

I 

1 

ITAU  UNMOD  ACC 

I 

(Onorbit/Rend  Nav 

(REND  NAV  INIT! 

ICOV 

1 

1 

I 

1 

1 

1 

1 

I 

I 

! 

!T  COV  LAST 

1 

I 

1 Onorbit /Rend  Nav 

ICOV  LAST 

1 

I 

I 

I 

(RESET 

! 

I 

I 

I 

l 

1 

IT  CURRENT  FILT! 

I 

ITLM 

(CPS  2 OR  8 

! 

I 

I 

I 

(INITIALIZE 

I 

I 

1 

I 

I 

! 

T FILT  I NIT 

IDeorbit/Landing 

IOPS  2 OR  8 

ID/L  Nav  Seq, 

(NAV  EXIT 

i 

INav  Seq,  Ascent 

UNITIALIZE 

(Onorbit/Eend  Nav 

1 

! 

INav  Seq,  Onorbit/ 

I 

ISeq 

I 

i 

I Rond  Nav  Seq 

I 

1 

1 

1 

I 

I 

1 

1 

I 

T IMUS  GA 

IIMU  INT  PROC 

IIMU  DATA 

I 

1 

! 

I 

(SNAP 

I 

! 

I 

I 

I 

1 

! 

! 

T LAST  FILT 

(Onorbit/Rend  Nav 

INAV  EXIT, 

(Onorbit/Rend  Nav 

(OPS  2 OR  8 

! 

I 

I REND  COV 

I 

(INITIALIZE 

i 

I 

UNIT,  COV 

! 

! 

1 

I 

(LAST  RESET 

I 

! 

1 

1 

I 

I 

i 

1 

TOT  ACC  LAST 

I 

I 

!Onorbit/Rend  Nav 

(REND  COV  INIT! 

I 

I 

I 

1 

I 

T PRED  FINAL 

I 

I 

lOnorbi t 

(OPS  2 OR  8 

1 

I 

IPredictor,  TLM 

(INITIALIZE, 

i 

I 

l 

1 

(STATE  VECTOR 

! 

I 

I 

I 

(PREDICT  TASK 

i 

I 

I 

I 

! 

1 

T PRED  INIT 

I 

1 

(Onorbit 

(OPS  2 OR  8 

! 

I 

1 

IPredictor,  TLM 

(INITIALIZE, 

1 

I 

I 

I 

(REND  NAV 

! 

I 

I 

1 

(INIT,  STATE 

! 

I 

I 

I 

(VECTOR 

1 

I 

! 

1 

(PREDICT  TASK 

! 

I 

I 

I 

( 

! 

T RESET 

(Onorbit/Rend  Nav 

! STATE 

!Onorbit/Rend 

(SHUTTLE  RESET! 

I 

! VECTOR 

(User  Parameter 

1 

! 

l 

! PREDICT 

(Processing, 

1 

I 

I 

I TASK 

(Onorbit/Rend  Nav 

! 

! 
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TABLE  4,1-2.-  CNORBIT /RENDEZVOUS  NAVIGATION  SEQUENCER  PRINCIPAL 
FUNCTION  INPUT /OUTPUT.-  Continued 


1 

! 

1 Variable 
! Name 

! 

1 11  1 

1 II  1 

(Principal  Function!  Local  IPrinoipal  Function!  Local 

1 Source  (Destination!  Destination  I Source 

I : I i 

I 

i 

I 

I 

I 

IT  TV 

(Onorbit/Rend  Nav 

I REND  NAV 

ITLM,  Onorbit/Rend 

I REND  NAV  INIT 

i ~ 

! 

UNIT- 

(Nav 

I 

! 

I 

! 

I 

I 

I TV  PREDICT 

1 

I 

ITLM 

(REND  NAV  INIT 

(FAIL 

I 

\ 

I 

I 

1 

I 

I 

I 

I 

1UNM0D  ACC  BIAS! 

I 

(Onorbit/Rend 

IREND  NAV 

I 

I 

I 

I Nav 

IEXIT,  OPS  2 

1 

I 

! 

I 

IOR  8 INITIAL- 

! 

I 

I 

! 

I1ZE,  U A BIAS 

I 

I 

! 

I 

I AND  COV  INIT 

I 

! 

I 

1 

I 

IVAR  UNMOD  ACC 

I 

I 

(Onorbit/Rend  Nav 

IREND  NAV  INIT 

I 

I 

1 

I 

I 

IV  CURRENT 

I 

! 

(TLM 

(OPS  2 OR  8 

tFILT 

I 

! 

I 

UNITIALIZE 

! 

1 

! 

I 

! 

!V  FILT 

(Onorbit/Rend  Nav 

(REND  COV 

I Onorbit/Rend  Nav 

I0PS  2 OR  8 

!~ 

I 

UNIT,  NAV 

( 

(INITIALIZE 

! 

! 

IEXIT,  COV 

I 

I 

! 

I 

(LAST 

! 

I 

! 

! 

(RESET 

! 

» 

I 

I 

I 

( 

I 

IV  FILT  INIT 

!Asc.  Nav  Seq, 

!OPS  2 OR  d 

(D/L  Nav  Seq, 

I NAV  EXIT 

I 

ID/L  Nav  Seq, 

UNITIALIZE 

(Onorbit/Rend  Nav 

I 

I 

ICnorbit/Rend  Nav 

I 

ISequencer 

I 

I 

ISequencer 

I 

I 

1 

I 

! 

I 

I 

! 

IV  IMU  CURRENI 

IIMU  RM 

IIMU  DATA 

I 

I 

I 

I 

(SNAP 

( 

I 

I 

I 

! 

( 

I 

IV  IMU  RESET 

I 

! 

(Oncrbit/Rend 

(SHUTTLE  RESET 

1 

! 

I 

(User  Parameter 

I 

1 

1 

I 

(Processing,  TLM 

! 

1 

I 

! 

l 

! 

IV  LAST 

I 

5 

(Onorbit/Rend  Nav 

(COV  LAST 

I 

! 

! 

( 

(RESET 

I 

I 

I 

1 

! 

IV  LAST  FILT 

I 

! 

(Onorbit/Rend  Nav 

(OPS  2 OR  8 

I 

1 

1 

1 

(INITIALIZE 

4-14 


79FM10 


TABLE  4.1-2.-  ONORBIT 'RENDEZVOUS  NAVIGATION  SEQUENCER  PRINCIPAL 
FUNCTION  INPUT /OUTPUT.-  Concluded 


i 

I 

! 

I 

! 

Variable 

Name 

1 I 1 1 

1 II  1 

(Principal  Function  1 Local  (Principal  Function 1 Looal 

! Source  (Destination!  Destination  1 Source 

I i I ! 

1 

• 

t 

1 

1 

I 

I 

1 

1VMP 

I 

(Onorbit  Predictor 

tOPS  2 OR  8 

1 

! 

1 

1 

(INITIALIZE, 

! 

I 

i 

( 

(REND  NAV  INIT! 

I 

! 

t 

! 

I 

1 

IV 

PRED 

lOnorbit 

(REND  NAV 

(TLM 

! 

! 

(FINAL 

I Predictor 

UNIT,  OPS 

1 

1 

I 

I 

12  OR  8 

! 

! 

I 

1 

UNITIALIZE 

f * 

I 

! 

l 

(STATE 

! 

1 

1 

I 

(VECTOR 

1 

! 

1 

I 

(PREDICT 

1 

I 

1 

1 

(TASK 

! 

I 

! 

l 

( 

! 

( 

t 

IV 

PRED  INIT 

l 

I 

(Onorbit 

(OPS  2 OR  8 

! 

1 

i 

(Predictor,  TLM 

(INITIALIZE, 

! 

I 

I 

I 

(REND  NAV 

1 

I 

I 

1 

UNIT,  STATE 

1 

1 

I 

1 

(VECTOR 

! 

1 

t 

( 

(PREDICT  TASK 

! 

l 

1 

1 

( 

1 

IV 

_ RESET 

l 

1 

lOnorbit/Rend  User 

(SHUTTLE  RESET! 

1 

I 

(Parameter 

1 

! 

1 

! 

(Processing 

( 

! 

1 

1 

( 

( 

1 

IV 

_TV 

lOnorbit/Rend  Nav 

IREND  NAV 

(Onorbit/Rend  Nav 

(REND  NAV  INIT 1 

1 

I INIT , COV 

1 

1 

! 

1 

(LAST  RESET 

I 

1 

1 

1 

! 

I 

1 

1 

IV 

TV  LAST 

1 

I 

(Onorbit/Rend  Nav 

(COV  LAST 

1 

1 

I 

1 

(RESET 

1 

1 

! 

1 

1 

1 

IV 

TV  RESET 

1 

I 

(Onorbit /Rend 

(TARGET  RESET 

1 

1 

I 

(User  Parameter 

! 

! 

1 

I 

(Processing 

1 

! 

I 

I 
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4.1.1  Sequencing  Operations  and  Major  Mode  Transitions  (ONORBIT^RENDJilAV^ 
SEQUENCER) 


The  Onorbit/Rendezvous  Navigation  Sequencer  principal  fVmotion  performs  speoifio 
actions  which  control  the  execution  of  the  Onorbit/Rendezvous  Navigation  princi- 
pal function  based  on  navigation  phase  and  major  mode  transitions.  These  tasks 
are  perforated  by  the  Sequencing  Operations  and  Major  Mode  Transitions  subfunc- 
tion and  include  the  following  tasks  for  OPS  2 control: 

- response  to  events  for  entering  OPS  2 

- response  to  events  for  exiting  OPS  2 

- response  to  events  for  major  mode  transitions  within  OPS  2 

- response  to  crew  entry  on  the  REL  NAV  DISPLAY  regarding  selection  of 
powered  flight  phase  (both  onorbit  and  rendezvous) 

- response  to  crew  entry  (REL  NAV  DISPLAY)  regarding  selection  of  onorbit 
or  rendezvous  navigation  phase  (powered  or  coasting  flight) 

For  OPS  8 control  the  following  tasks  are  performed: 

- response  to  events  for  entering  OPS  8 

- response  to  events  for  exiting  OPS  8 

- response  to  crew  entry  on  the  FCS/DED  DISP  C/0  DISPLAY  regarding  selec- 
tion of  powered  flight  phase 

The  events  for  OPS  2 and  OPS  8 navigation  control  are  summarized  below. 

Detailed  requirements  are  specified  separately  below  for  OPS  2 and  OPS  8. 


Events 

to  enter 

OPS-2 

- 60 

CPS-1 

* OPS-2 

- 60A 

OPS -8 

t 0PS-2 

- El 

OPS -3 

. OPS-2 

- 84 

OPS -00 

OPS-2 

Events 

to  exit  OPS -2 

- 60B 

OPS -2 

* OPS-8 

- 83 

OPS -2 

+ QPS-00 

- 85 

OPS -2 

* 0PS-3 

Events 

to  enter  OPS-8 

- 60B 

OPS-2 

+ OPS-8 
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- Events  to  exit  OPS-8 


- 60A 

- 60H 


OPS-8 

OPS-8 


OPS-2 

OPS-3 


- Events  during  OPS-2  & 8 

- 73  MM202  -►  201 

- 67  W201  ♦ 202 

Deta i led  requirements . 


Part  I.-  OPS  2 Requirements 


The  detailed  sequencing  and  major  mode  transition  requirements  for  the  OPS  2 por- 
tion of  the  Onor bit /Rendezvous  Navigation  Sequencer  principal  function  are 
described  as  follows: 

1.  If  an  onorbit  coast  navigation  phase  is  begun  by  entry  into  Major  Mode 
201  from  OPS  1,  OPS  3,  OPS  8 or  OPS  00  (EVENTS  El,  60,  60A,  or  84),  the 
Onorbit/Rendezvous  Navigation  Sequencer  principal  function  shall  pro- 
vide the  capability  to  initialize  the  Orblter  state  vector,  mass,  and 
other  required  navigation  parameters  on  the  basis  of  prestored  computer 
locations  unaffected  by  the  computer  program  memory  load 
reconfiguration.  The  following  sequence  should  be  followed: 

a.  Compute  the  value  for  Orbiter  mass  as  follows: 

If  OPS  2 is  to  be  entered  from  OPS  1 or  OPS  3 the  Orbiter  mass 
shall  be  calculated  as: 

CURR_0RB_MASS  = WT_DISP/G_2_FPS2  F3 

Otherwise,  Orbiter  mass  shall  be  reset  to  a saved  value: 

CURR  ORB  MASS  = MASS  INIT 


b.  Store  the  computed  mass  value  into  a NAV  slot  for  use  by 
navigation. 

NAV_CURR_0RB_MASS  = CURR_0RB_MASS 

c.  An  initialization  operation  shall  now  be  performed  to  obtain  cur- 
rent IMU  data,  predict  the  last  saved  OPS  sequence  Orbiter  position 
and  velocity  vectors  to  current  time,  reset  parameters  for  user  pa- 
rameter state  propagation,  and  initialize  flags  to  OPS  2 or  OPS  8 
initial  values  (refer  to  section  4. 1.2.1  for  detailed  requirements): 


F3  This  equation  shall  be  protected  against  division  by  zero  (reference  3.6-3). 
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CALL:  OPS_2_OR_8_INITIALIZE 

d.  After  completion  of  Initialization,  the  capability  shall  be  pro- 
vided for  sequencing  the  Onorbit/Rendezvous  Navigation  principal 
function  at  the  designated  repetition  rate,  DT_NAVJSTATB_PROP . 

2.  If  OPS  2 is  not  being  entered,  tests  for  detecting  leaving  OPS  2 to  go 
to  OPS  8 (EVENT  60B),  OPS  00  (EVENT  83),  or  OPS  3 (EVENT  85)  are  made. 
If  any  of  these  3 transitions  is  detected, 

CALL:  NAV_EXIT 

(section  4. 1.1. 2)  to  store  the  necessary  information  into  protected  lo- 
cations for  the  new  OPS  sequence. 

3.  If  transitions  into  or  out  of  OPS  2 have  not  been  detected,  tejts  for 
transitions  in  major  mode  in  OPS  2 are  made. 

a.  The  test  for  transition  from  MM202  to  M1201  ( EVENT J? 3)  is  made.  If 
EVENT_73  is  ON,  the  powered  flight  flag,  MM202  measurement  enable 
flag,  and  the  measurement  enable  positive  feedback  flag  (for  REL 
NAV_DISPLAY)  must  be  set  to  OFF. 

PWRD_FLT_NAV  = OFF 

MEAS_ENABLE  = OFF 

DOING_MEAS_ENABLE  = OFF 

b.  If  EVENT  73  is  OFF,  the  test  for  transition  from  MM201  to  FM202 
(EVENT  67)  is  made.  If  EVENT_67  is  ON,  the  powered  flight  flag  is 
set  to  ON 

PWRD_FLT_NAV  = ON 

In  any  event,  the  positive  feedback  flag  for  powered  flight  is  set  for 
the  REL  NAV  display  to  the  value  of  the  powered  flight  navigation  flag. 

DOING_PWRD_FLT_NAV  = PWRD_FLT_NAV 

4.  A test  is  made  to  detect  the  following: 

- A transition  into  or  out  of  the  rendezvous  navigation  phase,  or 

- the  rendezvous  navigation  initialization  target  prediction  task  has 
been  initiated  but  not  completed. 

a.  If  REND_NAV_FLAG  i REND_NAV_FLAG_LAS'f , a transition  has  occurred; 
or  if  REND_NAV_INIT_PRED  = ON,  then  the  target  prediction  task  has 
not  been  completed.  Thus  the  REND_NAV_FLAG  and  REND_NAV_INIT_FLAG 
are  interrogated  to  determine  the  nature  of  the  transition  and  the 
state  of  the  target  prediction. 
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(1)  If  REND_NAV_FLAG  ■ CN  or  REND_NAV_INIT_PRRD  « OH  then  the 
rendezvous  navigation  Initialization  subfunotlon  la  Invoked 

CALL:  REND_NAV_INIT 

(See  section  4. 1.2. 2) 

(2)  If  REND_NAV_FLAG  a CPF  and  REND_NAV_INIT_ PHED  a OFF,  the  ren- 
dezvous navigation  phase  will  be  exited.- 

CALL:  REND_NAV_EXIT 

(See  section  4. 1.1.1) 

b.  If  REND_NAV_FLAG  = REND_NAV_FLAG_LAST  and  REND_NAV_ I NIT_P RED  a OFF, 
then  a transition  has  not  occurred;  and  the  rendezvous  navigation 
initialization  prediction  task  is  not  in  progress.  Thus  the 
sequencer  control  logic  has  been  completed  for  this  navigation 
cycle. 


Part  II.-  OPS  8 Requirements: 


The  detailed  sequencing  and  major  mode  transition  requirements  for  the  OPS  8 por- 
tion of  the  Onorbit/Rendezvous  Navigation  Sequencer  principal  function  are 
described  as  follows: 

1.  If  the  onorbit  coast  navigation  phase  is  begun  by  entry  into  GN&C  OPS 
8 from  OPS  2 (Event  60B) , the  Onorbit/Rendezvous  Navigation  Sequencer 
principal  function  shall  provide  the  capability  to  initialize  the 
Orbiter  state  vector  and  other  required  navigation  parameters  on  the 
basis  of  prestored  data  and  OPS  2 data  obtained  from  protected  computer 
locations  unaffected  by  the  computer  program  memory  load  reconfigur- 
ation. A flag,  REND_NAV_FLAG,  will  be  maintained  in  the  OFF  state 
(by  MSC)  throughout  OPS  8 as  rendezvous  navigation  phase  is  not 
available  in  this  OPS  sequence.  This  following  Initialization  sequence 
shall  be  performed: 

a.  Initialize  the  current  Orbiter  mass  as  saved  from  OPS  2: 

NAV_CURR_ORB_MASS  = MAS  S_  I NIT 

b.  Perform  an  initialization  operation  to  obtain  current  IMU  data,  pre- 
dict the  last  saved  OPS  sequence  Orbiter  position  and  velocity 
vectors  to  current  time,  reset  parameters  for  user  parameter  state 
propagation,  and  initialize  flags  to  OPS  2 or  OPS  8 initial  values 
(refer  to  section  4. 1.2.1  for  detailed  requirements) : 

CALL:  OPS  2 OR  8 INITIALIZE 
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c.  After  completion  of  this  initialization,  the  capability  shall  be 
provided  for  sequencing  the  Onorbit /Rendezvous  Navigation  principal 
function  at  the  designated  repetition  rate  (DT_NAV_STATE_PROP ) dur- 
ing OPS  8. 

2.  If  9 transition  for  entering  OPS  8 was  not  deteoted,  tests  are  made  to 
defect  leaving  OPS  8 to  enter  OPS  2 (EVENT  60A)  or  OPS  3 (EVENT  60H). 

If  either  event  is  "ON", 

CALL:  NAV_EXIT 

to  store  necessary  information  into  protected  locations  for  the  next 
OPS  sequence. 

3.  If  transitions  into  and  out  of  OPS  8 have  not  been  deteoted,  the  posi- 
tive feedback  flag  for  powered  flight  navigation  is  set  (for  the 
FCS/DED  DISP  C/O  DISPLAY)  to  the  value  of  the  powered  flight  navigation 
flag. 

DOING_PWRD_FLT_NAV  = PWRD_FLT_NAV 

B.  Interface  Requirements.  Input  and  output  parameters  are  given  in 
Table  4.1.1. 

C.  Processing  Requirements.  None 

D.  Constraints.  The  following  additional  constraints  apply  to  the  requirements 
presented  in  Section  A: 

1.  The  following  flags  are  set  by  either  REL_NAV  (via  crew  input)  or 
FCS/DED  DliP  C/0  DISPLAY  (crew  input): 

REND_NAV_FLAG 

PWRD_FLT_NAV 

ME  AS_  ENABLE 

and  should  not  be  changed  (in  value)  by  these  external  functions  during 
any  given  cycle  of  the  Onorbit/Rendezvous  Navigation  principal  function 
during  any  navigation  phase  since  a timewise  consistent  set  of  navigation 
data  is  required  (i.e.,  a completion  of  a navigation  cycle)  to  perform 
the  various  navigation  functions. 

2.  Memory  transitions  shall  only  be  performed  following  the  completion  of 
a navigation  cycle. 

3.  The  maximum  repetition  rate  for  the  Onorbit/Rendezvous  Navigation 
Sequencer  principal  function  shall  be  1.92  seconds. 
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Supplemental  Information.  A suggested  Implementation  of  these  requirements 
is  illustrated  in  the  Appendix  B flow  diagrams: 

0N0RB1T_ REND_NAV_SEQUENCER  (OPS  2) 

ONORBIT  REND  NAV  SEQUENCER  (OPS  8) 
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TABLE  4.1.1.-  ON ORB IT_ REND_ NAV_SEQUEN CER  INPUT/OUTPUT 


Variable  Name 

t 

1 Input  Source 

! 

1 

1 Output  Destination 
t 

CURR  ORB  MASS 

1 

! 

1 

1 • 

DOING  MEAS  ENABLE 

! • • 

1 a 

DOING~PWRD~FLT  nav 

) a • 

1 • 

DOING- REND  NAV 

1 • • 

! 

DT_NAV_3TATE_PROP 

| • » 
1 

1 

EVENT  El 

I 

! * 

I 

1 

EVENT  60 

! • 

I * 

EVENT  60A 

! • 

1 • 

EVENT"60B 

! • 

1 • 

EVENT  60H 

! * 

1 • 

EVENT  67 

! • 

! • 

EVENT  73 

! • 

1 • 

EVENT  83 

1 • 

l a 

EVENT  84 

! • 

( a 

EVENT_85 

I • 

f 

! * 

a 

G_2_FPS2 

f * * 

I 

! 

f 

MASS  I NIT 
MEAS  ENABLE 

! 

• 

! 

I 

I 

1 a 

NAV_CURR_ORB_MASS 

f 

) 

! •,  ACCEL  ONORBIT, 

! OPS  2 OR  8 INITIALIZE 

PWRD_FLT_NAV 

! OP S_2_OR_8_ INITIALIZE 

! • 

REND_NAV_FLAG 

! 

1 »,  REND_NAV_INIT 

s 

! * 

REND  NAV  FLAG  LAST 

I 

! »»,  REND  NAV  INIT, 

i 

! 

1 REND_NAV_EXIT 

f 

! 

REND_NAV_INI  T JP  RED 

I 

I ••,  REND_NAV_INIT 

1 

! 

WT  DISP 

! • 

1 

! 

i 

! 

! 

t 

! 

! 

! 

j 

! 

1 

! 

f 

f 

t 

f 

9 

•See  principal  function  I/O  table  for  the  Onorbit/Rcndezvous  Navigation 
Sequencer  (table  4.1-2) 

••See  initialization  parameters,  section  4.7 
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4. 1.1.1  Rendezvous  Navigation  Phase  Termination  (REND_NAV_EXIT) 

The  purpose  of  the  rendezvous  navigation  phase  termination  subfunction  is  to  per- 
form the  necessary  operations  required  when  a rendezvous  navigation  phase  is 
terminated  in  preparation  for  a transition  to  an  onorbit  navigation  phase.  This 
action  occurs  during  OPS  2 when  the  orew  or  MSC  changes  the  value  of  the  REND_ 
NAV_FLAG  from  a value  of  ON  to  OFF  (crew  control  of  the  REND_NAV_FLAG  is  via  the 
REL_NAV  display  control,  RNDZ_NAV_ENA) . This  subfunction  is- invoked  by  the 
sequencing  operations  and  major  mode  transitions  subfunction  (section  4.1.1, 

ONORB  1T_  REND_N  AV_S£  «l>  ENCE  R) . 

A.  Detailed  Requirements.  When  called,  this  su  ^unction  shall  first  set  the 
unmodeled  acceleration  biases  to  zero.  These  . ias  terms  were  solved  for  by 
the  rendezvous  navigation  filter  and  need  to  be  set  to  zero  for  non- 
rendezvous navigation  phases. 

UNM0D_A  CC_B IAS  = 0. 

The  display  parameters  initialization  subfunction  shall  now  be  executed  to 
zero  the  ACCEPT/REJLCT  counters  for  display  and  measurement  processing 
requirements : 

CALL : DI SP  LA Y_COUNT_I N IT 

Detailed  requirements  for  the  above  subfunction  are  stated  in  section 
4. 1.2. 2. 1.2. 

The  "last"  flag  is  turned  OFF  to  indicate  the  rendezvous  navigation  is  no 
longer  active. 

REND_NAV_FLAG_LAST  = OFF 

The  positive  feedback  flag  for  the  Rel  Nav  Display  is  set  to  OFF  to  indicate 
that  rendezvous  navigation  is  no  longer  active. 

DOING_REND_NAV  = OFF 

B.  Interface  Requirements.  Input  and  output  parameters  for  this  subfunction 
may  be  found  in  table  4 . 1 . 1 . 1 . 

C.  Processing  Requirements.  This  subfunction  shall  be  called  by  the  sequencing 
operations  and  major  mode  transitions  subfunction  (ONORBIT_REND_NAV_ 
SEQUENCER)  when  it  is  required  to  transition  from  rendezvous  to  onorbit  navi- 
gation phases  during  OPS  2. 

D.  Constraints.  None 

E.  Supplemental  Information.  A suggested  implementation  of  this  subfur.otion 
may  be  found  in  Appendix  B flow  diagrams: 
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TABLE  4. 1.1.1.-  REND_NAV_EXIT  INPUT /OUTPUT 


Variable  Name 

! 

! 

Input  Source 

i Output  Destination 
1 

UN  MOD_A  CC_B  IAS 

! 

! 

f 

I 

! • 
| 

REND_NAV_FLAG_LAST 

I 

! 

1 

1 ONORBIT  REND  NAV 

! SEQUENCER 
1 

DOING_REND_NAV 

I 

1 

I 

1 • 

• 

•See  principal  function  Input/Output  table  4.1-2  for  the  Onorbit/Rendezvous 
Navigation  Sequencer 
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4. 1.1. 2 Operation  Sequencer  Termination  (NAV_EXIT) 

Specific  actions  are  required  by  the  onboard  navigation  software  when  either  the 
OPS-2  or  OPS-8  operational  sequence  is  terminated  in  preparation  for  transition 
to  another  OPS  sequence.  These  actions  are  primarily  concerned  with  protecting 
special  memory  locations  to  preserve  data  required  for  the  next  OPS  sequence. 

A.  Detailed  Requirements.  The  Operations  Sequence  Termination  subfunction 

shall  provide  the  capability  to  save  off  (in  protected  memory  locations)  cer- 
tain navigation-related  data  sets  for  transmission  across  a memory  transi- 
tion from  one  operational  sequence  to  another  and,  once  the  data  has  been 
saved,  terminate  the  Onorbit/Rendezvous  Navigation  principal  function.  This 
subfunetion  shall  perform  these  functions  for  the  termination  of  OPS-2  and 
OPS-8  as  follows: 

1.  If  OPS-2  or  OPS-8  is  being  terminated  for  a transition  to  either  OPS-8 
(from  OPS-2,  Event  (SOB),  or  to  OPS-2  (from  OPS-8,  Event  60A),  or 

to  OPS-OO  (from  OPS-2,  Event  83)  the  current  Orbiter  mass  must  be 
saved  prior  to  termination: 

MASS_INIT  = CUR  R_  0RB_MASS 

2.  In  all  cases  where  OPS-2  or  OPS-8  is  terminated,  the  following  parame- 
ters shall  be  saved  off  prior  to  termination: 

R _FILT_INIT  = R _FILT 

V _FILT_INIT  = V _FILT 

T_FILT_INIT  = T_LAST_FILT 

Although  the  variable  names  with  the  _INIT  have  been  designated 
as  unique  variables,  this  may  not  be  required  if  the  same  physical  core 
location  can  be  used  for  R _FILT  (for  example)  in  each  memory  load.  The 
_INIT  notation  has  been  used  for  visibility  purposes  only. 

3.  During  OPS-2  and  OPS-8  once  the  above  data  have  been  stored,  execution 
of  the  Onorbit/Rendezvous  Navigation  principal  function  shall  be 
cancelled. 


CANCEL:  NAV_ONORBIT_RENDEZVOUS 

B.  Interface  Requirements.  Input  and  output  requirements  for  this  subfunction 
are  defined  in  table  4. 1.1. 2. 

( ? C.  Processing  Requirements.  This  subfunction  is  called  by  the  following 

subfunction: 


ONORBIT_REND_NAV_SEQUENCER  (section  4.1.1) 
D.  Constraints.  None 
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Suggested  Implementation.  A suggested  implementation  in  the  form  of  a 
detailed  flowchart  may  be  found  in  Appendix  B under  the  name  NAVJBXIT. 
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TABLE  4. 1.1. 2 NAV  EXIT  INPUT /OUTPUT 


Variable  Name 


Input  Source 


EVENT_60B 

EVENT_60A 

EVENT_83 

CURR_ORB_MASS 

R _FILT 

V _FILT 

T-Last.filt 

MASS_INIT 
R _FILT_INIT 

V _FILT_INIT 
T FILT  I NIT 


* 


Output  Destination 


t 


•See  principal  function  I/O  table  for  ONORBIT  REND  NAV  SEQUENCER. 
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*1.1.2  Operation  Sequence  Initialization  (0PSJ>jPR_8»INITIALIZB) 

The  purpose  of  the  operation  sequence  initialization  subfunction  is  to  perform 
specific  functions  required  when  either  operations  sequenoe  2 (OPS  2)  or 
8 (OPS  8)  is  entered  from  another  OPS  sequence  (i.e.,  OPS  1,  OPS  3*  OPS  00, 

OPS  2 or  OPS  8). 

A.  Detailed  Requirements. 

1.  Snap  current  accumulated  inertial  measurement  unit  (IMU)-sensed  velocity 
data  and  associated  time  tag  (section  *1.2. 2.1),  SNAP  (V  .CURRENT 

FILT,  T_CURRENT_FILT)  and  immediately  store  the  snapped  IMU  and  time 
data  in  local  variable  locations. 

V _LAST_FILT  s V _CURRENT_FILT 

T_LAST_FILT  = T_CURRENT_FILT 

2.  Initialize  the  unmodeled  acceleration  biases  solved  for  in  the  filter 
to  zero.  These  bias  terms  are  solved  for  by  the  rendezvous  navigation 
filter  and  need  to  be  zeroed  for  non-rendezvous  navigation  phases: 

UNM0D_ACC_BIAS  = 0. 

- Compute  the  square  root  of  MU  of  the  Earth  for  the  precise  predictor 
and  precision  state  propagation: 

SQR_EMU  = SQRT(EARTHJMU) 

3.  Set  up  the  proper  parameters  to  predict  the  stored  Orbiter  state 
vector  to  current  time  (refer  to  section  4.3  for  predictor  requirements; 
the  following  are  unique  COMPOOL  locations  for  use  by  the  predictor) : 

PRED_ORB_AREA  = REF_0RB_AREA 

P RED_ORB_MASS  = NAV_CURR_ORB_MASS 

PRED_0RB_CD  = REF_0RB_CD 

GMDP  = GM_DEG 

GMOP  = GM_0RD 

DMP  = DFL 


VMP  = VFL0V_PRED 
ATMP  = 1 

PRED_STEP  = PRED_STEP_OPS_INIT 
T PRED  INIT  = T FILT  INIT 
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R _PRED_INIT  s R _FILT_INIT 

V __PRED_INIT  = V _FILT_INIT 
T_PRED_FINAL  = T_LAST_FILT 

Then  call  the  onorbit  precise  prediction  principal  function 
CALL:  CNORBIT_PREDICT 

4.  Finally,  reset  the  following  onorbit  navigation  parameters: 

R _FILT  = R _PRED_FINAL 

V _FILT  = V _PRED_FINAL 

5.  Initialize  those  parameters  required  by  the  user  parameter  state  propaga- 
tion subfuneticn  (section  4.5.1)  through  the  use  of  the  Orbiter  state 
vector  reset  task  (section  4. 1.2.1)  for  the  Crbiter  vehicle  only: 

CALL:  SHUTTLE  JRESET 

6.  Set  a flag  that  indicates  use  of  the  coasting  flight  state  propagation 
algorithm. 

PWRD_FLT_NAV  = OFF 

7 . Signal  that  the  proper  initialization  has  been  accomplished  to  allow 
the  Onorbit/Rendezvous  User  Parameter  Processing  Sequencer  principal 
function  to  begin  scheduling. 

SET:  OPS_2_OR_8_ INIT IALIZE  COMPLETE  = ON 

Interface  Requirements.  The  input  and  output  requirements  for  this 
subfunction  are  described  in  table  4.1.2. 

Processing  Requirements.  This  subfunction  is  called  by  the  sequencing 
operations  and  major  mode  transitions  subfunction,  section  4.1.1;  ONORBIT 
REND_NAV_SEQUEN  CER . 

Constraints.  None 

Supplemental  Information.  A suggested  implementation  of  this  module  can  be 
found  in  Appendix  B;  OPS_2_OR_8_INITIALIZE. 
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TABLE  4.1.2.-  OPS  2 OR  8 INITIALIZE  INPUT/OUTPUT 


1 Variable  Name 

I 

! Input  Souroe 

! 

! 

1 Output  Destination 
1 

! V CURRENT  FTLT 

1 

! I MU  DATA  SNAP 

I 

1 • 

! T_current_filt 

! IMU  DATA  SNAP 
• 

| ft 

1 

! V _LAST_FILT 

I 

! 

i 

1 

1 • ,SHUTTLE_RESET 

1 T_LAST_FILT 

I 

i 

i 

X 

! • ,SHUTTLE_RESET 

I 

! EARTHMU 

i • • 

X 

f 

! SQR_EMU 

I 

i 

X 

! • 

! REF_ORB_AREA 

X 

| • ft 

l 

X 

! 

f 

! REF_0RB_CD 

I 

| ft  ft 

X 

i 

! NAV  CURR  ORB  MASS 

X 

! CNORBIT  REND  NAV 

X 

! 

! SEQUENCER 

1 

i 

! GM_DEG 

! 

| ft  ft 

l 

X 

! 

| 

! GM_ORD 

I ft  ft 

X 

! 

! DFL 

I 

| ft  ft 

I 

1 

! VFLOV_PRED 

| ft  ft 

| 

X 

I 

! P RED_STEP_OPS_INIT 

! » * 
i 

X 

! 

1 

I R _FILT_INIT 

! * 

i 

! 

! V _FILT_INIT 

X 

i * 

• 

X 

! 

! T_FILT_INIT 

I 

! • 

X 

! 

9 

! R _FILT 

X 

I 

I 

! • ,SHUTTLE_RESET 

! V _FILT 

X 

! 

i 

! • ,SHUTTLE_RESET 

9 

I T PRED  INIT 

i 

! * 

! 

! 

! 

! 

•See  principal  function  Input/Output  table  4.1-2  for  the  Onorbit/Rendezvous 
Navigation  Sequencer 

See  Initialization  parameters,  section  4.7 
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TABLE  4. 1.2.-  OPS  2 OR  8 INITIALIZE  INPUT/OUTPUT.-  Concluded 


Variable  Name 


I 
1 

! 

! 

! GMDP 
I 

! GMOP 
I 

1 DMP 
! 

! VMP 
I 

! ATMP 
! 

! PRED_STEP 
! 

I R _PRED  I NIT 
! 

! V PRED  I NIT 
I “ 

! PWRD_FLT_NAV 
! 

! 

! OPS_2_OR_8_ 

! INITIALIZE_COMPLETE 
1 

! R PRED_FINAL 
! 

I V PRED_FINAL 
i ~ ~ 

! UN  MOD_A  C C_B  IAS 
! “ 

! PRED  ORB  AREA 
! 

1 PRED_ORB  CD 
1 

! PRED  ORB_MASS 
! 

! T_PRED_FINAL 
! 

I 

I 

! 

1 

! 

! 


Input  Source 


Output  Deatination 


* ,ONORBIT_REND  NAV 
SEQUENCER 


« 

« 

a 

t 


•See  principal  function  Input/Output  tabic  4.1-2  for  the  Onorbit/Rendezvous 
Navigation  Sequencer 
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4. 1.2.1  Orbiter  State  Vector  Reset  (SHUTTLE__RESET) 

The  purpose  of  the  Orbiter  state  vector  reset  aubfunotion  is  to  provide  updated 
state  vector  associated  parameters  to  the  user  parameter  state  propagation 
subfuncticn  (section  4.5.1)  at  the  beginning  of  OPS  sequence  2 or  OPS  8 and  at 
the  end  of  every  navigation  cycle  through  the  use  of  navigated  state  parameters. 

A.  Detailed  Requirements.  At  the  completion  of  each  OPS  sequenoe  2 or  8 
initialization  procedure  and  at  the  completion  of  a navigation  cycle,  the 
Orbiter  state  vector  reset  subfunction  shall  be  called: 

CALL:  SHUTTLE_  RESET 

1 . This  subfunction  shall  then  initialize  the  reset  Orbiter  state  vector 
and  associated  IMU  sensed  velocity  reading  as  follows: 

R _RESET  = R _FILT 

V _ RESET  = V _FILT 

V _I MU_RESET  = V _LAST_FILT 
T_RESET  = T_LAST_FILT 

2.  Additionally,  a flag  shall  be  set  to  indicate  to  the  user  parameter 
state  propagation  subfunction  that  a navigated  state  update  has  occurred. 

FILTJJPDATE  = ON 

These  parameters  are  required  by  the  user  parameter  propagator  to 
reinitialize  the  user  parameter  state  following  the  completion  of  each 
navigation  cycle. 

B.  Interface  Requirements.  The  input  and  output  requirements  for  this 
subfunction  are  shown  in  table  4.1.2. 1. 

C.  Processing  Requirements.  This  subfunction  is  called  by  the  following 
modules: 

OPS_2_OR_8_INITIALIZE 
NAV_ONORB IT_  RENDEZVOUS 

D.  Constraints.  None 

E.  Supplemental  Information.  A suggested  implementation  of  this  subfunction 
can  be  found  in  Appendix  B in  the  form  of  a flow  diagram: 
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TABLE  4. 1.2.1.-  SHUTTLE  RESET  INPUT/OUTPUT 


1 Variable  Name 

I 

1 Input  Souroe 

1 

I 

I Output  Destination 
1 

I R PILT 

1 

1 OPS  2 OR  8 INITIALIZE. 

1 

1 

! ONORBIT  REND  R V STATE 

1 

! PROP,  RENDJ*AV_FILTER 

1 

t 

! V FILT 

i 

! OPS  2 OR  8 INITIALIZE. 

X 

! 

1 ONORBIT  REND  R V STATE 

1 

! PROP,  REND_NAV_FILTER 
1 

! 

t 

! T LAST  FILT 

X 

1 OPS  2 OR  8 INITIALIZE, 

I 

1 

1 ONORBIT  REND  R V STATE 

I 

1 PROP 
« 

! 

I 

I V LAST  FILT 

1 

1 OPS  2 OR  8 INITIALIZE, 

! 

i 

1 ONORBIT  REND  R V STATE 

i 

1 PROP 

1 

i 

a 

1 R _RESET 

! 

1 

X 

! * 

! V _RESET 

X 

! 

| 

I 

! • 

! V _IMU_RESET 

X 

1 

1 

X 

I • 

! T RESET 

X 

! 

X 

! •,  STATE  VECTOR 

! 

a 

! PREDICT _T ASK 

t 

! FILT  UPDATE 

t 

! » 

! 

1 

! 

! 

! 

! 

! 

! 

! 

! 

! 

! 

! 

! 

1 

i 

i 

i 

f 

! 

! 

! 

! 

1 

1 

! 

1 

! 

I 

•See  principal  function  Input/Output  table  4.1-2  for  the  Onorbit/Rendezvous 
Navigation  Sequencer  outputs  and  table  4.2  for  the  Onorbit/Rendezvous  Navigation 
outputs 
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4. 1.2.2  Rendezvous  Navigation  Initialization  (RBND_NAV  INIT) 

The  Rendezvous  Navigation  Initialization  subfunction  Is  responsible  for  the 
proper  initialization  of  selected  rendezvous  related  parameters  whenever  the 
Onorbit/Rondezvous  Navigation  Sequencer  principal  function  has  deteoted  the  fol- 
lowing: 

(a)  There  is  a request  to  inltalize  the  rendezvous  navigation  phase,  or 

(b)  The  prediction  of  the  target  vehiole  has  been  initiated  by  the  rendezvous 

navigation  initialization  subfunction  but  the  prediction  has  not  been 

completed. 

This  subfunction  shall  be  responsible  for  the  following  tasks. 

- Schedule  the  state  vector  prediction  task  in  order  to  predict  the  target 
position  and  velocity  vectors  to  current  time. 

- Set  selected  flags  to  OFF  to  Insure  the  proper  functioning  of  the 
Onorbit/Rendezvous  Navigation  principal  function  should  the  rendezvous 
navigation  phase  be  canoeled  and  then  re-entered. 

- Set  certain  parameters  for  the  unmodeled  acceleration  bias  propagation 
to  values  used  for  coasting  flight. 

- Initialize  the  covariance  matrix. 

- Store  the  current  target  position  and  velocity  vectors  for  use  by  the 
User  Parameter  Processing  principal  function. 

A.  Detailed  Requirements.  This  subfunction  shall  perform  the  following  steps 
in  the  order  indicated: 

1.  The  prediction  task  indicator  flag,  PRED_JJSE,  is  interrogated  for 
a zero  value  to  determine  if  the  state  vector  prediction  task  is 
available  for  scheduling.  If  PRED_USE  = 0 then  the  following  parameters 
are  defined  preceding  the  scheduling  of  the  state  vector  prediction 
task. 


REND  NA;_INIT_PRED  = ON 

PRED  USE  s 4 

TV  PREDICT_FAIL  = OFF 

GMDP  = OM  DEG 

GMOP  = GM~ORD 

DMP  = DFL~ 

VMP  = VFLTV_PRED 

ATMP  = ATFL_TV 

PRED  STEP  s P REC_STEP JP RE D 

R PRED  I NIT  = R TV  ~ 


79FM10 


The  state  vector  prediction  task  is  then  scheduled. 

SCHEDULE : STATE_VECTOR_PREDI CT_TASK 

2.  If  the  PRED_USE  flag  is  nonzero,  it  is  tested  for  a value  of  6 which  in- 
dicates that  the  state  vector  prediction  task  has  determined  that  the 
prediction  interval  is  too  large;  henoe  no  prediotion  will  take  place. 

If  PRED_USE  s 6 then  the  following  flags  are  set. 

PRED  USE  a 0 
TV  PREDICT  PAIL  » ON 
REND  NAV  INIT  PRED  • CPF 
RENDJ4AV“FLA<r»  OFF 

The  rendezvous  navigation  flag  is  set  to  OFF  so  that  the  rendezvous  navi- 
gation initialization  subfunction  will  not  be  invoked  again  until  the 
REND_NAV_FLAG  is  reset  to  ON  by  the  crew. 

3.  If  the  PRED_USE  flag  is  not  set  to  6,  then  it  is  tested  for  a value  of 

5 which  indicates  that  the  state  vector  prediction  task  has  successfully 
predicted  the  target  state  vectors. 

If  PREDUSE  = 5 then  the  following  actions  are  taken. 

(a)  The  predictor  outputs  are  stored,  and  flags  are  set  to  free  the 
predictor  for  other  navigation  users. 

PRED  USE  = 0 
T _TV  i T_PRED_FINAL 
R _TV  * R _PRED  FINAL 
V _TV  = V PRED~ FINAL 
REND_NAV_INIT_PRED  = OFF 

(b)  Next,  the  REND_NAV_FLAG  is  tested  for  an  ON  value  to  determine  if 
the  crew  request  for  activating  the  rendezvous  navigation  phase  is 
still  valid.  If  the  REND_NAV_FLAG  is  on,  the  following  actions  are 
taken : 

(1)  Flags  are  set  to  indicate  that  the  tsunodeled  acceleration  bias 
state  statistics  are  to  be  initialized  to  their  coast  values. 

NOISY  NAV  MEAS  = OFF 
COV  PWRD  FLT  = OFF 
COV-PWRD~FLT_LAST  s OFF 

(2)  Unmodeled  acceleration  bias  state  statistical  parameters  are 
initialized  to  their  coast  values. 

TAUJJNMOD  ACC  COV  s TAU_U  A COAST 
VAR  UNMOD-ACC“s  VAR  U A COAST 
C0V~ACCEL”UVW  INIT  7 COV  U A COAST 
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(3)  The  rendezvous  covariance  initialization  function  is  called  to 
initialize  the  covariance  matrix  as  described  in  section 
4. 1.2.2. 1. 


CALL:  RENDjJOVJTNIT 

(4)  The  target  state  vector  reset  subfunction  resets  the  user  paraae- 
ter  processing  state  vectors  as  described  in  section  4. 1.2. 2. 2. 

CALL:  TARGET_  RESET 

(5)  The  flags  REND_NAV_FLAG_LAST  and  DOING_REND_NAV  are  set  to 
ON  to  indicate  that  the~rendezvous  navigation  phase  is  now 
active . 


REND  NAV  FUG  LAST  * ON 
DOING_REND_NAV  s ON 

B.  Interface  Requirements.  Input  and  output  parameters  are  specified  in  table 
11.1.5.2. 


C.  Processing  Requirements.  The  subfunction  is  called  by  ONORBIT  REND  NAV 
SEQUENCER  (section  4.1.1). 

D.  Constraints.  None 

E.  Supplemental  Information.  A suggested  implementation  of  these  requirements 
is  illustrated  in  Appendix  B with  REND_NAV_INIT . 
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TABLE  4. 1.2. 2.-  REND  NAV  INIT  INPUT/OUTPUT 


< 


1 . 


i Variable  Name 

! 

! 

I ATFL_TV 
! 

I ATMP 
! 

! COV_A  CCEL_UVW_I  NIT 
! 

! COV_PWRD_FLT 
! 

! COV_PWRD_FLT_L  AST 
! 

! COV_U_A_COAST 
! 

! DFL 
! 

! DMP 
! 

! DOING_REND_NAV 
! 

! GM_DEG 
i 

! GMDP 
! 

! GMOP 
! 

! GMORD 
! 

! NOISYNAVMEAS 
! 

! P REC_STEP_P  RE  D 
! 

1 PREDJSTEP 
! 

! PRED_USE 
I 
! 

! R _PRED_FINAL 
! 

! H _PRED_INIT 
! 

! 

! 

I 


Input  Source 


M 


H 


H 


H 


H 


••,»,  STATE_VECTOR 
PREDICT  TASK 


Output  Destination 


U_A_B IA S_AND_COV I NIT , * 

« 


* 

« 


• , STATE_VECTOR_ 
PREDICT  TASK 


| 

* 


•Onorbit/Rendezvous  Navigation  Sequencer  principal  function,  see  section  4.1 
••Initialization  parameters,  see  section  4.7 
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TABLE  4. 1.2. 2.-  REND_NAV_INIT  INPUT /OUTPUT.-  Continued 


! Variable  Name 

1 

1 Input  Source 

! 

I 

t Output  Destination 
! 

! R TV 

t 

I ••,• 

! 

t 

1 * ,REND  COV  INIT, 
! TARGET  RESET, 

t 

• 

t COV_LAST_RESET 
1 

t REND  NAV  FUG 

1 

! 9 

! •.ONORBIT  REND  NAV 

! 

1 

! SEQUENCER 

I 

! REND  NAV  FUG  LAST 

1 

1 ONORBIT  REND  NAV 

1 

t 

1 SEQUENCER 

t 

1 REND  NAV  INIT  PRED 

! 

! ONORBIT  REND  NAV 

! 

| 

t SEQUENCER 

I 

! TAU_U_A_COAST 

| H 

! 

| 

! TAU_UNMDD_ACC_COV 

! 

1 

! 

! 9 

9 

! T PRED  INIT 

I 

! 

! •,  STATE  VECTOR 

! 

! PREDICT_TASK 

! T PRED  FINAL 

! 

! STATE  VECTOR  PREDICT 

2 

! TASK 

! 

9 

! T_TV 

! 

1 *1  « 

* i 

I 

! •,  REND_COV_INIT 

f 

! TV_PREDICT_FAIL 

I 

! 

! 9 

! VAR_U_A_COAST 

! 

; ft 

! 

9 

! VA  R_UNMDD  ACC 

2 

! 

| 

! 9 

! VFLTVPRED 

j »» 

! 

1 VMP 

! 

1 

I 

! 9 

! V PRED  FINAL 

! 

! 9 

! 

9 

! V _PRED_INIT 

! 

! 

! 

! 

i 

! 9 

! 

1 

! 

! 

•Onorbit/Rendezvous  Navigation  Sequencer  principal  function,  see  section  ^.1 
••Initialization  parameters,  see  section  ^.7 
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TABLE  4. 1.2. 2.-  REND_NAV_INIT  INPUT /OUTPUT.-  Concluded 


Variable  Name 


V TV 


• »• 

> 


Input  Source 


Output  Destination 


• , REND_COV  INIT , 
TARGET_RESET , 

COV  LAST  RESET 


•Onorbit/Rendezvous  Navigation  Sequencer  principal  function,  see  section  4.1 
••initialization  parameters,  see  section  4.7 
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4 . 1 .2 .2 . 1 Covariance  matrix  initialization  (REND„COV,INIT) 

The  covariance  matrix  initialization  subfunction  shall  perform  the  following 
tasks  upon  entering  the  rendezvous  phase , whenever  there  is  an  automatic 
inflight  update  during  the  rendezvous  phase,  or  whenever  the  crew  requests  a 
covariance  matrix  reinitialization  or  a state  vector  transfer. 

1.  Initialize  the  covariance  matrix. 

2.  Zero  the  counter  (I-CYCLE)  for  the  asynchronous  covariance  propagation. 

3.  Set  certain  flags  to  OFF  so  that  the  rendezvous  sensor  initialization 
subfunction  will  properly  execute. 

4.  Zero  measurement  Accept/Reject  counters  used  for  display  purposes. 

A.  Detailed  Requirements.  In  circumstances  in  which  the  filter  vehicle  posi- 
tion and  velocity  elements  of  the  on-board  filter  covariance  matrix  are  to 
be  initialized  to  UVW  values,  the  following  steps  shall  be  performed  (in  the 
order  indicated) : 

1 . Zero  the  entire  13  by  13  dimensional  covariance  matrix 

E 1 to  13,  1 to  13  : 0,0 

2.  Test  the  SHUTTLE_FILTER_FLAG  to  determine  if  the  Shuttle  vehicle  or  the 
target  vehicle  state  is  being  used  by  the  Kalman  filter. 

a.  If  the  Shuttle  vehicle  is  the  filter  vehicle 

( SHU  TTLE_FILTER_FLAG  = ON) 

(1)  Call  the  UVW  parameters  initialization  subfunction  to 
initialize  the  position-velocity  portion  of  the  covariance 
matrix  with  the  Shuttle  state  vector  statistics  (see  section 
4. 1.2. 2. 1.1) 

CALL:  OOVINITJJVW 

IN  LIST:  R _FILT,  V _FILT 

(2)  Calculate  the  last  acceleration  vector  for  the  Shuttle  vehicle 
for  use  in  the  covariance  matrix  propagation  subfunction. 

TOT_ACC_LAST  = ACCEL_ONORB IT  (IGD,  IGO,  IDRAG,  IVENT, 
ATFL_CV7  R _FILT,  V _FILT,  T_LAST_FILT) 

DV_FILT 

+ F3 

DT_FILT 

F3-This  equation  shall  be  protected  against  division  by  zero( reference  3*6-3). 
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where  IGD  is  the  degree  of  the  gravitational  potential  model, 
IGO  is  the  order  of  the  gravitational  potential  model,  IDRAG  is 
the  drag  model  flag,  IVENT  is  the  vent  model  flag,  all  set  by 
the  state  propagation,  and  ATFLjOV  is  from  I-Load . 

(For  detailed  requirements,  see  section  4-2.M.1 .1) 

If  the  target  vehicle  is  the  filter  vehicle 

( SHU TTLE_FILTER__FLAG  a OFF) 

(1)  Call  the  UVW  parameters  initialization  subfunction  to 
initialize  the  position-velocity  portion  of  the  covariance 
matrix  with  the  target  state  vector  statistics  (see  section 
4.1 .2.2.1 .1) 

CALL:  COV INITJUVW 

IN  LIST:  R _TV,  V _TV 

(2)  Calculate  the  last  acceleration  vector  for  the  target  vehicle 
for  use  in  the  covariance  matrix  propagation  subfunction, 

G _TV_LAST  = ACCEL_ONORBIT  (GM_DEG,  GM_0RD,  DFL,  VFL_TV,  ATFL_ 


TV,  R _TV,  V _TV,  T_TV) 

where  GM_DEG  is  the  degree  of  the  gravitational  potential 
model,  GM_ORD  is  the  order  of  the  gravitational  potential 
model,  DFL  is  the  drag  model  flag,  VFL_TV  is  the  vent  model 
flag,  and  ATFL_  TV  is  the  attitude  flag,  all  for  the  target  ve- 
hicle . 

(For  detailed  requirements,  see  section  4 .2.4.1 .1 ) 

The  covariance  matrix  propagation  cycle  counter  shall  be  reset 
I_CYCLE  = 0 

The  covariance  reset  sub  function  is  called  to  store  copies  of  the 
Shuttle  state  vector,  the  target  state  vector  and  their  time  tag,  as 
well  as  to  zero  the  covariance  accumulated  delta  velocity. 

CALL : C0V_LAST_  RESET 

Reset  the  DO_NAV_LAST  flags  for  all  sensors  so  tha\  the  sensor  bias 
portions  of  the  covariance  matrix  will  be  reconfigured  for  active 
sensors 

EXECUTE:  DO  NAV  LAST  SETUP  CODE 
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IO__CQAS_ANGLES_NAV_LAST  = OFF 
DOJIR  JINGLES JIAVJLAST  = OFF 
DO_RRDOT_NAV_LAST  = OFF 
DO_ST_ANGLESJiAV_LAST  = OFF 
6.  Reset  the  measurement  ACCEPT /REJECT  counters 
(Refer  to  section  4.1 .2.2  .1 .2) 

CALL:  DISPLAY_COUNT_INIT 

B.  Interface  Requirements.  The  input  and  output  variables  for  this  subfUnction 
are  defined  in  table  4. 1.2. 2.1. 

C.  Processing  Requirements.  This  subfunction  is  called  by  the  following 
sub functions: 


ONORBIT_REND_AUTO__INFLIGHT_UPDATE  (section  4.2.3. 1) 
REL_NAV_DISP LAY_UPDATES  (section  4. 2. 3. 2) 

REND_NAV_INIT  ( section  4 . 1 .2 .2 ) 

P.  Constraints . None 

E.  Supplementary  Information.  A suggested  implementation  in  the  form  of  a 
detailed  flowchart  can  be  found  in  Appendix  B under  the  name: 

REND  00 V INIT 
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TABLE  4. 1.2  .2.1.-  REND  COV  INIT  INPUT/OUTPUT 


Variable  Name 


ATFL_OV 

ATFL_TV 

DFL 

DT_FILT 

DV_FILT 

GM_DE)G 

GM_ORD 

IDRAG 

IGD 

IGO 

IVENT 

R FILT 


R TV 


I Input  Source 

! •» 

I ** 

I H 

! ONORBIT  REND  R_V_STATE 
! PROP,  «*• 

J ONOR BIT_REND_R_V  STATE 
i PROP,  *** 

j »* 

! •' 

1 ONORBIT_REND_R_V_STATE 
! PROP,  *** 

I ONORBIT_REND_R_V_STATE 
! PROP,  *** 

! ONORBIT  REND_R_V_STATE 
! PROP,  »»* 

! ONORBIT_HEND_R  V STATE 
! PROP,  »•* 


f ONORBIT_REND_AUTO_  ! 

! INFLIGHT  UPDATE , ONORBIT_ ! 
! REND  R_V~STATE_PROP , REL  ! 
! NAV_DISF  LA  Y_UP  DATES , ~! 

1 **• , REND_NAV_FILTER, * ! 

i i 

1 ONORBIT_REND  AUTO  ! 

! INFLIGHT_UPDATE , RlND_  ! 

! NAV  INIT70NORBIT_REND  ! 

I R_V_STATE  PROP  ,REL_NAV_  ! 
! DISPLAY  UPDATES, REND_  ! 

! NAV  FILTER,*  ~ ! 

! ! 


Output  Destination 

ACCEL_ONORBIT 

ACCEL_ONORBIT 

ACCEL_ONORBIT 


ACCELjONORBIT 
ACCEL_ONORBIT 
ACCEL_ONORBI T 

ACCEL_ONORBIT 

ACCEL_ONORBIT 


ACCEL_ONORBIT 


ACCELJONORBIT , 
OOVINIT  uVW 


ACCEL_ONORBIT, 
COVINIT  UVW 


*Onorbit/Rendezvous  principal  function,  see  section  M.2 
** Initialization  parameters,  3ee  section  4.7 

•••Onorbit/Rendezvous  Navigation  Sequencer  principal  function,  see  section  4.1 
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TABLE  4. 1.2 .2.1—  REND  COV  INIT  INPUT/OUTPUT  (Continued) 


Variable  Name 

SHUTTLE_FILTER_FLAG 

T_LAST_FILT 

V _FILT 

VFL_TV 

V _TV 

t 

D°_C»AS_ANGLES_NAV_LAST 
DO_RR_ANGLES_NAV  _LAST 
DO_RRDOT_NAV_LAST 
DO_ST_ANGLES  NAV_LAST 
E 


Input  Source 


«* 


ONORBIT_REND_AUTO 
INFLIGHT  UPDATE, ONORBIT 
REND_R_V_STATE_P  ROP ,»»» 

ONORBIT  REND  R V STATE_ 
PROP , ONORBIT  REND  AUTO 
INFLIGHT  UPDATE, REL  NAV 
DISPLAY  UPDATES, •••T 
REND  _NAV_FILTER  ,* 

«« 

ONORBIT  PEND_R_V_STATE_ 
PROP, REND  NAV  INIT, 
ONORBI T_REND_AUT 0 
INFL IGHT_UPDATE , REL  NAV 
DISPLAY  UPDATES, REND 
NAV_F ILTER , * 

ACCELJ3NORBIT 


Output  Destination 


ACCELjONORBIT, 
COVINIT  UVW 


ACCELjONORBI T 

ACCEL  ONORBIT, 
OOVINITJJVW 


REND_NAV_SENSOR_INIT , 

• ««  “ 


REND_NAV  SENSOR_INIT, 


REND_NAV  SENSOR_INIT, 


REND_NAV_SENSOR_INIT , 

hi  ~ 

REND_BIAS_AND_COV_PROP , 
REND_NAV_FILTER ,•,»»• 


•Onorb it /Rendezvous  principal  function,  see  section  4.2 
••Initialization  parameters,  3ee  section  4.7 

•••Onorbit/Rendezvous  Navigation  Sequencer  principal  function,  see  section  4.1 
fValue  returned  from  the  function 
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TABLE  4. 1.2. 2.1.-  REND  COV  INIT  INPUT/OUTPUT  (Concluded) 


Variable  Name 

1 

! Input  Source 

! 

i Output  Destination 

G _TV_LAST 

I 

! 

1 

! REND  BIAS  AND  COV  PROP, 

| HI  “ ~ 

I_CTCLE 

! 

! 

I 

1 NAV  ONORBIT  RENDEZVOUS, 

| Hl“l  “ 

TOTJICCJLAST 

i 

! 

I 

! REND  BUS  AND  COV  PROP, 

j •••  “ ~ 

T_TV 

! 

i ONORBIT  REND  R V STATE 
! PROP, ONORBIT  REND  AUTO~ 
! INFLIGHT  UPDATE, REND 
! NAV  INIT ,* 

! ACCEL_ONORBIT 

j 


* 


Onorbit/Rendezvous  Navigation  Sequencer  principal  function,  see  section  4.1 
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4. 1.2. 2. 1.1  UVW  parameters  Initialization  (COVINITJJVW) 

The  UVW  parameters  initialization  subfunetion  initializes  the  covarianoe  matrix 
when  rendezvous  navigation  is  initialized,  or  when  an  auto-inflight  update  or 
RELJIAV  display  update  to  the  state  vectors  or  covariance  matrix  is  performed. 

A.  Detailed  Requirements.  This  subfunction  has  an  inlist  with  the  following  in- 
ternal names 


INLIST:  R,  V 

where  R is  the  filter  vehicle  position  vector  and  V is  the  filter  vehicle  ve- 
locity vector. 


This  subfunction  performs  the  following  steps. 

1.  Initialize  the  first  six  diagonal  elements  of  the  covariance  with  the 
square  of  prestored  standard  deviations. 

EI,I  = SIGJJPDATEj  SIGJJPDATEj  for  I = 1 to  6 

2.  Initialize  the  off-diagonal  correlation  terms  of  the  covariance  matrix 
in  the  upper  left  6 by  6 portion  using  prestored  correlation  coeffi- 
cients along  with  the  prestored  sigmas. 

E1,2  = 0OV_COR_UPDATE1  SIGJJPDATE  , SIG_UPDATE2 

E1,4  = COV_COR_UPDATE2  SIGJJPDATE-,  SIGJJPDATE4 

E1,5  = COV_COR_UPDATE3  SIGJJPDATE,  SIGJJPDATE5 

e2,4  = COV_COR_UPDATE4  SIG_UPDATE2  SIGJJPDATE4 

E2>5  = COV_COR_UPDATE5  SIG_UPDATE2  SIGJJPDATE5 

E3t6  = COV_CORJJPDATEg  SIG_UPDATE3  SIGJJPDATE^ 

EU)5  = COV_COR_UPDATE?  SIGJJPDATF4  SIG_UPDATE5 

e2 ,1  = E1 ,2 

E5,4  = e4 ,5 

3.  Call  the  unmodeled  acceleration  bias  and  covariance  initialization 
subfunction  (section  4. 2. 4.1)  to  initialize  the  unmodeled  acceleration 
bias  states  and  the  unmodeled  acceleration  bias  slots  of  the  covariance 
matrix. 


x *• 


f 


CALL:  U_A_B  IA  S_AND_C0V  I N IT 

INLIST:  R,  V 


•» 
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1 

I 

i 


4.  Convert  the  upper  left  6 by  6 portion  of  the  oovarianee  matrix  from  UVW 
to  mean  of  '50  coordinates  with  the  following  equations 

Elto3,  1to3  = M.UVWM50  E1to3t  1to3  M_UVW_M50T 

Entofi , 4to6  = M_UVW_M50  Ej,to6,  4to6  M_UVW_M50T 

Eito3,  4to6  = M_UVW_N50  E1to3|  4to6  M_UVW_M50T 

E4to6,  1to3  8 (®1to3,  4to6)T 

where  the  M_UVW_M50  transformation  matrix  was  computed  by  U_A  BIAS  AND 
COVINIT. 

B.  Interface  Requirements.  The  inputs  and  outputs  for  this  subfunction  are 
given  in  table  4. 1.2. 2. 1.1. 

C.  Processing  Requirements.  This  subfunction  is  calleu  ■ y 

REND_C0V_INIT  (section  4. 1.2 .2.1) 

D.  Constraints.  None 

E.  Supplementary  Information.  A suggested  implementation  of  this  subfunction 
is  given  by  the  flowchart  C0VINIT_UVW  in  Appendix  B. 
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TABLE  4. 1.2. 2. 1.1.-  COVINIT  UVW  INPUT/OUTPUT 


Inlist/Outlist 

_! 

! 

Internal 

Name 

! External 
! Name 

t Input  Source 

1 

! Output  Destination 
1 

R 

1 

I R _FILT 
| 

I 

1 REND_COV_INIT 

I 

1 

| 

V 

1 V _FILT 
• 

! RBND_COV_INIT 

1 

! 

R 

l» 

1 

3 

1 REND_COV_INIT 
| 

I 

I 

1 

V 

& 

1 

>1 

1 REND_COV_INIT 

i 

1 

I 

i 

« 

! 


•Onorbit/Rendezvous  principal  function,  see  section  4.2 
••Initialization  parameters,  see  section  4.7 
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TABLE  4. 1.2.2. 1.1.-  COVINITJJW  INPUT/OUTPUT  (Concluded) 


Variable  Name 

1 Input  Source 

1 

t Output  Destination 
1 

OOV_COR_UPDATE 

1 

l ••  HI  t 

1 » • 

1 

1 

| 

E 

I 

1 

! 

I 

1 

1 •,•••, REND  BIAS  AND 
I COV  PROP,  REND  NAV  “ 
l FILTER 

fl 

M_UVW_M50 

! U_A_BIAS_AND_COVINIT 

a 

1 

! 

a 

R 

I 

! 

1 

! U_A__BIAS_AND_COV  IN  IT 

a " "" 

SIGJJPDATE 

I 

1 ••  »M  ft 

1 t > 

a 

X 

1 

a 

V 

! 

! 

1 U A BIAS  AND  COVINIT 

•Onorblt /Rendezvous  principal  function,  see  section  4.2 
••Initialization  parameters,  see  section  4.7 
•••Onorbit/Rendezvous  Navigation  Sequencer  principal  function,  see  section  4.1 
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4.1 .2.2.' .2  Display  parameter  Initialization  ( DISPLA Y_COUNT_INIT ) 

The  display  initialization  subfunotion  shall  reset  measurement  ACCEPT/REJECT 
counters  whenever  the  covarianoe  initialization  subfunotion  is  invoked,  whenever 
exiting  a rendezvous  navigation  phase,  or  whenever  the  magnitude  of  the  IMU 
sensed  accelerations  exceed  s design  dependent  threshold  for  measurement  incorpo- 
ration. 


A.  Detailed  Requirements.  The  following  steps  shall  be  performed  (in  the  order 
indicated) : 


Zero  the  ACCEPT/REJECT  counters.  N _ ACCEPT  (N  _REJECT)  is  a 4x1  array  which 
counts  the  total  number  of  accepted  (rejected)  measurements  during  the  cur- 
rent mark  sequence.  SEQ^ACCEPT  (SEQ_REJECT)  counts  the  number  of  sequential 
accepted  (rejected)  measurements  during  the  current  mark  sequence. 

N _ACCEPT  * 0 

N _R EJECT  * 0 (all  are  4 x 1 

SEQ  ACCEPT  s o dimensioned  arrays) 

SE(f REJECT  = 0 

B.  Interface  Requirements.  The  input  and  output  data  are  shown  in  table 
4. 1.2 .2.1 .2. 


C.  Processing  Requirements.  This  subfunction  is  called  by  the  following 
subfunctions : 


REND  COV  1NIT 
REND~NAV"EXIT 
REND“BIAS  AND  COV  PROP 


(section  4. 1.2 .2.1) 
(section  4.1 .1 .1 ) 
(section  4.2.5) 


D.  Constraints.  None 


E.  Supplementary  Information.  A suggested  Implementation  in  the  form  of  a 
detailed  flowchart  may  be  found  in  Appendix  B under  the  name  of  DISPLAY 
COUNT  INIT. 
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TABLE  4. 1.2. 2. 1.2.-  DISPLAY_COUNT_INIT  INPUT/OUTPUT 


Variable  Name 

! 

k 

( 

Input  Source 

1 

l 

1 

Output  Destination 

N ^ACCEPT 

! 

t 

! 

I 

1 

1 

| 

MEAS  PROCESSING 

statistics_rend7* , ••• 

N _REJECT 

1 

1 

| 

1 

1 

i 

• 

MEAS  PROCESSING 
STATISTICS_REND ,«,»»« 

SEQ_ACCEPT 

1 

1 

1 

i 

I 

1 

i 

1 

MEAS  PROCESSING 

statistics_rend7* , *** 

SEQ_REJECT 

1 

i 

1 

X 

l 

t 

MEAS  PROCESSING 

statistics_rend7* , 

( 


•Onorbit/Rendezvous  principal  function,  see  section  4.2 
***0norb it /Rendezvous  Navigation  Sequencer  principal  function,  see  section  4.1 


79FM10 


4. 1.2. 2. 1.3  Covarianoe  matrix  parameters  reset  ( C0V_LAST_RE3ET ) 


The  oovariance  matrix  parameters  reset  subflinotion  saves  oertain  navigation  pa- 
rameters at  the  end  of  a covarianoe  matrix  propagation  suboyole  for  use  in  the 
next  subcycle.  These  parameters  inolude  the  Orbiter  and  target  position  and  ve- 
locity vectors  as  well  as  the  current  time.  Also,  a variable  used  for  summing 
the  I MU  sensed  delta  velocities  over  the  suboyole  interval  is  zeroed  for  use  in 
the  next  suboyole. 

A.  Detailed  Requirements.  The  following  steps  shall  be  performed: 


Store  the  Orbiter  position  and  velooity  vectors  (B_FILT,  V__FILT),  the  tar- 
get position  and  velocity  vectors  (R  _TV,  V_ TV),  last  filter  time  (T_LAST_ 
FILT),  and  zero  the  delta  velocity  accumulator  (DV_COV). 


R _LAST 

V _LAST 

R _TV_LAST 

V _TV_LAST 
DV_COV 
T_COV_LAST 


s R _FILT 
= V _FILT 
= R _TV 
= V _TV 

= o. 

= T_LAST_FILT 


B.  Interface  Requirements.  The  input  and  output  data  are  shown  in  table 
4.1 .2 .2. 1.3. 


C.  Processing  Requirements.  This  subfunction  is  called  by  the  following 
sub functions: 


NAV_0N0RBIT_RENDEZV OUS  (section  4.2.1) 

REND_C0V_INIT  (section  4. 1.2. 2.1) 

D.  Constraints.  None 

E.  Supplementary  Information.  A suggested  implementation  in  the  form  of  a 
detailed  flowchart  may  be  found  in  Appendix  B under  the  name  00V_LAST_RESET . 
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TABLE  4.1. 2 .2.1. 3.-  CQV_LAST_RESET  INPUT/OUTPUT 


Variable  Name 

! 

! Input  Source 

I 

T 

! 

! 

Output  Destination  1 

« 

• 

! R 

FILT 

! 

I ONORBIT  REND  AUTO 

! 

1 

! INFLIGHT  UPDATE, 

I 

! REND  NAV  FILTER, 

I 

1 ONORBIT  REND  R V STATE 

1 

1 PROP,  REL  NAV  DISPLAY 

! 

1 UPDATES, *,»** 
1 

! 

I 

! R 

TV 

I 

! ONORBIT  REND  AUTO 

1 

! 

! INFLIGHT  UPDATE,  REND 

! 

1 NAV  FILTER,  ONORBIT 

! 

1 REND  R V STATE  PROP. 

I 

! REL  NAV  DISPLAY  UPDATES, 

! REND  NAV  I NIT 
! 

! 

! 

! V 

FILT 

1 

1 ONORBIT  REND  AUTO 

! 

! 

! INFLIGHT  UPDATE,  REND 

1 

1 NAV  FILTER,  ONORBIT  REND! 

! R V STATE  PROP.  REL  NAV! 

! _DISPLAY_UPDATES ,«,*•» 

! 

! V 

TV 

1 

! ONORBIT  REND  AUTO 

! 

I 

! INFLIGHT  UPDATE,  REND 

! 

! NAV  FILTER,  ONORBIT 

! 

! REND  R V STAVE  PROP. 

! 

! REL  NAV  DISPLAY  UPDATES. 

! 

1 

! REND  NAV  I NIT 

! 

1 

! DV  COV 

I 

! 

I 

! 

NAV  ONORBIT  ! 

! 

! 

! 

RENDEZVOUS,  REND  BIAS  ! 

1 

1 

1 

• 

! 

| 

AND_OOV_PROP,  *,*■»•  l 

! R 

LAST 

! 

! 

I 

! 

REND  BIAS  AND  COV  PROP,! 

! 

! 

! 

REND_NAV_lNTERP,»  ! 

1 

! R 

TV  LAST 

I 

1 

I 

t 

REND  BIAS  AND  COV  PROP,! 

! 

1 

! 

a 

! 

REND_NAV_INTERP,*  ! 

1 

! T 

LAST  FILT 

! 

! ONORBIT  REND  R V STATE 

1 

! 

! 

f 

! PROP,* 
! 

! 

! 

•Onorbit/Rendezvous  Navigation  Sequencer  principal  function,  see  section  4.1 
** Initialization  parameters,  see  section  4.7 
•••Onorbit/Rendezvous  Navigation  principal  function,  see  section  4.2 
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TABLE  4. 1.2 .2. 1.3.-  OOV_LAST_RESET  INPUT/OUTPUT  (Concluded) 


Variable  Name 

1 

1 

Input  Souroe 

! Output  Destination 
! 

T_COV_LAST 

1 

1 

! 

1 REND  BIAS  AND  COV 

I 

t 

I PROP,* 

V _LAST 

! 

! 

| 

! REND  BIAS  AND  COV  PROP, 

! 

I REND_NAV_INTERP,» 

I 

V _TV_LAST 

I 

I 

I 

1 REND  BIAS  AND  COV  PROP, 

1 

! REND_NAV_INTERP  ,* 

* 


Onorbit/Rendezvous  Navigation  Sequencer  principal  function, 


see  section  4.1 
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<♦.1.2. 2. 2 Target  state  vector  react  ( TARGET-RESET) 

Upon  entering  the  rendezvous  navigation  phase  this  sub  function  is  exercised  to 
store  the  current  target  state  vector  (position  and  velocity)  for  user  parameter 
processing.  Thereafter,  while  still  in  the  rendezvous  navigation  phase  this 
subfunction  is  exercised  at  the  end  of  each  navigation  cycle. 

A.  Detailed  Requirements.  This  sub funotion  shall  reset  the  user  parameter 
processing  (section  <1.5)  oopy  of  navigated  target  position  and  velocity: 

R _TV_RESET  = R _TV 

V _TV_  RESET  s V _TV 

B.  Interface  Requirements.  The  input  and  output  parameters  for  this 
subfunction  are  found  in  table  <4.1.2 .2 .2. 

C.  Processing  Requirements.  This  subfunction  is  called  by  the  following 
sub functions: 

NAV_ONORBIT_RENDEZVOUS  (section  <1.2. 1) 

REND__NAV_INIT  ( section  <1.1 .2.2) 

D.  Constraints.  None 


E.  Supplementary  Information.  A suggested  implementation  of  this  sub function 
is  found  in  Appendix  B,  TARGET_RESET. 


f 


TABLE  4.1. 2.2.2.-  TARGET^RESET  INPUT/OUTPUT 


79FM10 


R 


Variable  Name 


Input  Source 


Output  Destination 


TV 


ONORBIT_REND_R_V 
STATE_PROP , REND  NAV 
FILTER , REND_NAV~INIT 


V TV 


••.ONORBIT  REND  R_V_ 
STATE  PROP,HEND~NAV_ 
FILTER , REND_NAV_INlf 


R TV  RESET 


• Ml 

f 


V TV  RESET 


• HI 

i 


•Onorbit /Rendezvous  principal  function,  see  section  4.2 
••Initialization  parameters,  see  section  4.7 
•••Onorbit/Rendezvous  Navigation  Sequencer  principal  function,  see  section  4.1 
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4.2  ONORBXT/RENDEZVOUC  NAVIGATION  PRINCIPAL  FUNCTION 

The  Onorbit/Rendezvous  Navigation  principal  funotion  ia  the  name  given  to  the 
collection  of  all  aubfunotions  whose  major  task  is  to  supply  users  of  this  prin- 
cipal function  with  accurate  estimates  of  the  Orbiter  and  target  state  veotors. 
This  section  presents  an  overview  of  this  principal  funotion. 

The  Onorbit/Rendezvous  Navigation  principal  funotion  oontains  nine  primary 
sub functions . 

- Navigation  Control  (section  4.2.1) 

- Navigation  Data  Snap  (section  4.2.2) 

- State  and  Covariance  Matrix  Updates  (section  4.2.3) 

- Position  and  Velocity  State  Propagation  (section  4.2.4) 

- Unmodeled  Acceleration  State  and  Covariance  Matrix  Propagation  (section 
4.2.5) 


- Sensor  Measurement  Selection  (section  4.2.6) 

- Sensor  Measurement  Initialization  (section  4.2.7) 

- State  and  Covariance  Measurement  Incorporation  (section  4.2.8) 

- Measurement  Processing  Statistics  (section  4.2.9) 

This  Onorbit/Rendezvous  Navigation  design  makes  use  of  a Kalman  filter  with  a 13 
component  state  vector  in  order  to  produce  an  accurate  estimate  of  position  and 
velocity  for  the  Orbiter  and  target.  The  state  vector  is  composed  of  the  follow 
ing  components. 

- Orbiter  or  target  position  and  velocity  in  the  mean  of  1950  coordinate 
system  - six  elements 

- Orbiter  or  target  unmodeled  acceleration  biases  in  mean  of  1950  coordi- 
nates - three  elements 

- Systematic  sensor  biases  - four  elements 

A flag  (SHUTTLE_FILTER_FLAG)  with  a premission  specified  value  determines 
whether  the  Orbiter  or  the  target  position  and  velocity  are  to  be  updated  with 
the  Kalman  filter.  This  same  flag  also  indicates  which  vehicle  is  to  be 
associated  with  the  unmodeled  acceleration  bias  states. 

The  Navigation  Control  subfunction  supplies  the  navigation  trunk  logic,  which  se 
quences  the  other  eight  primary  subfunctions  in  the  proper  order  and  at  the 
proper  rates.  The  covariance  matrix  propagation,  sensor  selection,  sensor 
initialization,  measurement  incorporation  and  measurement  processing  statistics 
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sub functions  can  be  performed  at  a rate  slower  than  the  data  snap,  state  propaga- 
tion and  state  and  covariance  matrix  update  subfunctions.  This  subrate  is  deter- 
mined by  the  setting  of  the  DO_FLTR_SLOW_ RATE  switoh  on  the  onboard  REL  HAV  dis- 
play. The  switoh  causes  the  value  of  a oycle  count,  N_CYCLB,  to  be  set  to  1 of 
2 I-Load  values.  Wien  the  cycle  counter,  I_CYCLE,  reaches  the  value  N_CYCLE , 
the  slow  rate  subfunotions  are  executed.  This  subrate  capability  is  basioally 
intended  to  be  used  when  it  is  undesirable  to  perform  the  computationally  com- 
plex covarianoe  matrix  propagation  and  measurement  incorporation  at  the  state 
vector  propagation  rate.  The  Navigation  Control  sub function  is  scheduled  by  the 
Onorbit/Rendezvous  Navigation  Sequencer  principal  function  at  the  proper  rate 
for  the  active  navigation  phase  and  operational  sequence. 

All  external  flags  input  to  NAV  are  snapped  at  the  same  time  and  stored  into  lo- 
cations for  use  by  NAV.  The  Navigation  Data  Snap  subfunction  copies  frequently 
changing  measurement  data  buffer*  into  static  memory  locations  local  to  the  navi- 
gation processing.  During  the  rendezvous  navigation  phase,  the  I MU,  the  rendez- 
vous radar,  the  star  traoker,  and  the  Crew  Optioal  Alinement  Sight  (COAS)  sen- 
sors are  available  to  the  navigation.  During  non-rendezvous,  only  IMU  data  is 
available. 

The  State  and  Covariance  Matrix  Updates  subfunction  implements  ground  updates  to 
the  Orbiter  or  target  state  vector  via  uplink  and  performs  state  vector  trans- 
fers and  covariance  matrix  reinitialization  when  requested  by  the  crew  on  the 
REL  NAV  display.  All  of  these  types  of  updates  require  reinitialization  of  the 
covariance  matrix.  For  ground  updates  the  prediction  task  must  be  invoked  to 
bring  the  Shuttle  or  target  state  vector  to  current  time.  Due  to  the  priority 
of  the  Precise  Predictor  principal  function  in  the  onboard  computer,  the  predic- 
tion can  proceed  only  after  navigation  has  completed  a cycle.  The  prediction 
can  possibly  require  more  than  one  navigation  interval  to  complete  the  predic- 
tion. The  update  to  the  navigation  state  vectors  will  not  take  place  until  the 
prediction  has  completed. 

The  Position  and  Velocity  State  ’ropagation  subfunction  must  maintain  a current 
estimate  of  the  Orbiter  position  and  velocity  during  rendezvous  and  non- 
rendezvous navigation  phases  and  a current  estimate  of  the  target  position  and 
velocity  during  the  rendezvous  navigation  phase  only.  The  subfunotion  will  pro- 
vide a unit  vector  from  the  center  of  the  Earth  in  the  direction  of  the  Sun 
for  use  by  the  Universal  Pointing  Processor  principal  function  at  a frequency 
of  once  every  navigation  cycle.  When  the  powered  flight  navigation  phase 
is  active,  IMU  sensed  delta  velocities  and  a model  of  the  Earth's  gravitational 
acceleration  are  used  to  propagate  the  Orbiter  position  and  velocity  to  current 
time.  When  in  the  coasting  flight  navigation  phase,  models  of  the  Earth's 
gravitational  acceleration,  aerodynamio  drag,  and  venting  or  uncoupled  RCS 
thrusting  acceleration  are  used  to  propagate  the  Orbiter.  The  target  propaga- 
tion uses  models  of  the  Earth's  gravitational  acceleration  and  aerodynamic 
drag  during  either  powered  flight  or  coasting  flight. 

The  task  of  propagating  the  statistics  of  the  state  vector  to  current  time  as 
well  as  the  propagation  of  the  unmodeled  roceleration  bias  states  is  performed 
by  the  Unmodeled  Acceleration  State  and  Covariance  Matrix  Propagation  sub- 
function. The  unmodeled  acceleration  bias  state  elements  are  propagated 
exponentially  (the  sensor  bias  state  elements  are  assumed  constant  over  the 
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propagation  Interval)  so  this  subfunction  will  determine  the  appropriate  time 
constant  and  variances  used  for  propagation  dependent  on  whether  or  not  IMU 
sensed  delta  velocities  were  used  to  propagate  the  position  and  velooity  vectors 
for  the  Orb iter. 

The  unmodeled  acceleration  bias  states  aotually  represent  different  quantities 
depending  on  whether  the  IMU  sensed  delta  velocities  were  used  to  propagate  the 
state  or  not.  In  the  former  oase  the  unmodeled  aooeleration  biases  represent 
the  errors  in  the  IMU  accelerometers.  In  the  latter  case  they  represent  un- 
modeled body  forces  such  as  drag,  venting  and  RCS  uncoupled  thrusting.  In  each 
case,  a different  time  constant  and  variance  are  used  for  the  exponentially 
correlated  random  variable  statistics. 

A 13  by  13  covarianoe  matrix  represents  the  statistics  of  the  13  element  state 
vector.  The  position  and  velocity  statistics  are  propagated  using  an  analytic 
partial  called  the  mean  conic  partial  transition  matrix.  The  unmodeled  aooelera- 
tion bias  statistics  and  the  sensor  bias  statistics  are  propagated  as  exponen- 
tially correlated  random  variables.  A model  of  platform  drift  supplies  state 
noise  whenever  the  IMU  sensed  delta  velocities  are  used  to  propagate  the  state. 

The  Sensor  Measurement  Selection  subfunction  must  select  a measurement  set  for 
processing  by  the  Kalman  filter.  The  following  measurements  are  available: 

- Rendezvous  radar  range  and  range  rate 

- Rendezvous  radar  shaft  and  trunnion  angles 

- Startracker  horizontal  and  vertical  angles 

- Crew  Optical  Alinement  Sight  (COAS)  horizontal  and  vertical  angles 

Up  to  four  measurements  can  be  chosen  for  processing  - rendezvous  radar  range 
and  range  rate  along  with  one  pair  of  angles  selected  by  the  crew  on  the  REL_NAV 
display.  When  a measurement  type  is  selected  for  the  first  time,  statistical  pa- 
rameters associated  with  the  newly  selected  measurement  type  must  be  initialized 
for  use  in  the  Kalman  estimation  of  systematic  sensor  biases.  This  task  is 
performed  by  the  Navigation  Sensor  Initialization  subfunction. 

The  State  and  Covariance  Measurement  Incorporation  subfunction  performs  the 
final  step  in  the  Kalman  processing,  namely,  the  incorporation  of  the  selected 
measurements.  The  covariance  matrix  is  updated.  The  position  and  velocity 
vectors  of  the  vehicle  state  selected  for  Kalman  processing  (determined  by  SHUT- 
TLE_FILTER_FLAG)  are  updated.  The  sensor  biases  are  updated.  A flag  from  the 
ILOAD  (UNMOD_ACC_UPDATE_FLAG)  determines  whether  the  unmodeled  acceleration 
states  are  to  be  updated  or  to  be  left  zero,  leaving  only  their  statistical  in- 
fluence on  the  Kalman  processing.  Measurements  can  be  incorporated  into  the 
state  vector  only  when  all  the  following  criteria  are  satisfied. 

- Rendezvous  navigation  phase  is  active  (REND_NAV_FLAG  s ON) 

- The  measurement  type  is  selected 
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• The  measurement  data  la  valid 

- The  I MU  sensed  acceleration  ia  below  a premission  specified  threshold 
(MEASTHRBSHOLD) 

- The  oovarianoe  matrix  has  been  propagated  on  the  current  navigation  cycle 

- The  estimated  dlatanoe  between  the  Orblter  and  the  target  ia  greater  than 
a premission  specified  distance 

• The  measurement  is  not  in  the  INHIBIT  mode  as  seleoted  by  the  crew  on  the 
REL  NAV  display 

- The  measurement  does  not  fail  to  pass  the  edit  criteria  which  rejects  mea- 
surements whioh  are  not  conmensurate  with  the  estimated  measurement 

- When  in  Major  Mode  202  the  M3AS_ENABLE  switoh  is  set  to  ON  by  the  orew 

After  Kalman  processing  has  been  completed,  the  Measurement  Processing  Statis- 
tics subfunction  shall  compute  parameters  to  be  displayed  on  the  REL  NAV  dis- 
play. The  parameters  calculated  are  the  measurement  residuals  and  residual 
ratios,  the  mark  histories,  and  the  edit  status. 

The  only  direct  user  of  the  onorbit/rendezvous  navigated  state  vector  is  the 
User  Parameter  Processing  principal  function.  This  principal  fhnetion  inte- 
grates the  state  vector  using  a high  rate,  less  precise  propagator  (average-g) 
then  that  used  by  the  navigation.  The  user  parameter  processing  state  vector  is 
updated  with  the  navigation  state  vector  at  the  navigation  rate.  Other  princi- 
pal functions  which  require  state  vectors  get  them  from  the  User  Parameter 
Processing  principal  function  at  the  higher  rate. 

In  table  4.2  (the  OnorbH/Rendezvous  Navigation  Principal  Function  Inputs/ 
Outputs),  there  are  some  parameters  whioh  are  being  output  to  telemetry  (TLM) 
which  were  not  set  by  NAV.  For  these  situations,  the  looal  source  is  listed  as 
"NONE" . 
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TABLE  4.2.-  ONCRB IT /RENDEZVOUS  NAVIGATION  PRINCIPAL  FUNCTION  INPUT/OUTPUT 


Variable 

Name 


ALT_SS 
ANGLES  A IF 


ANGLES  AIF_ 
DISPLAY 

AN  GLES_ENABLE 
DISPLAY 


00  AS  DATA  GOOD 


OOAS  ENABLE 


OOAS  HORIZ 


CO AS  ID 


OOAS  NARK  NUM 


OOAS  VERT 


CONT  ACC 


COV  ACCEL  UVW 
INIT 


Prinoipal  Function 
Source 


REL_NAV  display 


Star  Tracker  SOP 


Star  Tracker  SOP 


Star  Tracker  SOP 


Onorbit/Rendezvous 
Navigation 
Sequencer 


Looal  (Principal  Function 

Destination!  Destination 

I 

t 

ITLM 

I 

NAV  I 

ON ORB IT  I 

RENDEZVOUS  ! 

I 

(REL  NAV  display, 

ITLM- 

I 

IREL  NAV  display, 
ITLM" 

I 

(Onorblt  Predictor, 
ITLM 


Sensor  Beta! 


Sensor  Data  I 


Sensor  Data  I 
Snap  I 

! 

ITLM 

I 

! 

I 

U A BIAS  ! 
AND~COVINIT! 

I 


Local 

Souroe 


ACCEL  ONORBIT 


RENDjSENSOR 

SELECT 

REND  NAV_ 

sensCrjnit 

ONORBIT  REND 
AUTO  INFLIGHT 
UPDATE 


NAV_ONORBIT 
RENDEZVOUS  " 


NAV  ONORBIT 
RENDEZVOUS  " 

NAV  ONORBIT 
RENDEZVOUS  " 


ONORBIT_REND 
R V STATE 
PROP 
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TABLE  4.2.-  ONORBIT/RBNDBZVOUS  NAVIGATION  PRINCIPAL 


FUNCTION  INPUT /OUTPUT  (Continued) 

1 

1 

1 

1 

l 

1 

! 

1 

1 Variable 

(Principal  Function!  Loeal 

(Principal  Function!  Local 

! Name 

I Source 

(Destination!  Destination 

I Source 

( 

! 

1 

1 

1 

! 

I 

!COV  COR  UPDATE (Uplink  Processor 

ICOVINIT  UVWl 

( 

( 

! 

1 

1 

ICOV  PWRD  FLT 

(Onorb it /Rendezvous (REND  BIAS 

( 

1 

(Navigation 

(AND  COV 

! 

1 

(Sequencer 

!PR0P 

1 

1 

1 

i 

! 

1 

ICOV  PWRD  FLT 

(Onorblt/RendezvousIREND  BIAS 

i 

( 

(LAST 

(Navigation 

(AND  COV 

! 

1 

(Sequencer 

IPROP 

( 

1 

( 

! 

1 

( 

ICURR  ORB  MASS 

(Onorbit/Rendezvous (NAV 

( 

1 

(Navigation 

(ONORBIT 

! 

1 

(Sequencer,  Onorb it  1 RENDEZVOUS 

I 

( 

(Guidance 

! 

! 

! 

1 

! 

( 

I 

1 

! 

! 

1 

1 

! 

! 

1 

(DATA  GOOD 

(Startracker  SOP 

(Sensor  Data! 

1 

1 

(Snap 

! 

1 

1 

i 

! 

1 

(DID  COVAR 

! 

! 

IREL  NAV  display, 

IREL  NAV 

(REINIT 

1 

i 

JTLM 

(DISPLAY 

( 

! 

( 

(UPDATES 

1 

I 

! 

1 

(DID  ORB  TO  TGTl 

! 

!REL  NAV  display, 

(REL  NAV 

( 

( 

! 

!TLM 

(DISPLAY 

I 

( 

! 

i 

(UPDATES 

1 

( 

! 

( 

1 

(DID  TGT  TO  ORBI 

1 

IREL  NAV  display, 

IREL  NAV 

l 

1 

l 

ITLM 

(DISPLAY 

1 

( 

! 

! 

(UPDATES 

1 

1 

J 

I 

1 

IDISP  DELQ 

I 

! 

(REL  NAV  display, 

(ME  AS 

1 

! 

! 

ITLM 

(PROCESSING 

( 

1 

1 

! 

(STATISTICS 

( 

l 

i 

(REND 

1 

1 

! 

! 

! 

(DISP  EDIT 

( 

( 

(REL  NAV  display, 

IMEA5 

( 

1 

f 

IGN&C  Communi cat ion (PROCESSING 

( 

( 

( 

! Interface,  TLM 

(STATISTICS 

( 

l 

1 

! 

(REND 

1 

l 

! 

1 

1 
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TABLE  H.2.-  ONORBIT/ RENDEZVOUS  NAVIGATION  PRINCIPAL 
FUNCTION  INPUT /OUTPUT  (Continued) 


Variable 

Name 


! 

I 

Principal  Function!  Local 

Source  (Destination 

! 


Principal  Function 
Destination 


Local 

Source 


! 

1DISP  SIG 

r 

t 

! 

I 

IDMP 

! 

! 

! 

IDO  CO AS 
(ANGLES  (iAV 
I 

!DO_COAS  ANGLES 
I NAV  LAST 
!~ 

! 

!DO_COVAR 

(REINIT 

I 

I 

IDO  FLTR  SLOW 
(RATE 
I 
! 

(DOING  FLTR 
(SLOW  RATE  “ 

I 

(DOING  REND 
(NAV  “ 

I 

I 

i 

! 

i 

I 

t 

I 

(DOING  MEAS 
(ENABLE 
I 
! 

I 

I 


REL  NAV  display, 
TLM” 


Onorbit  Predictor 


TLM 


MEAS 

PROCESSING 

STATISTICS” 

REND 

ONORBIT  REND 
AUTO  INFLIGHT 
JJPDATE 

REND_SENSOI> 

SELECT 


I 

Onorbit /Rendezvous (REND  NAV 


Navigation 

Sequencer 

REl,_NAV  display 


REL_NAV  display 


(SENSOR  INIT 

I 

I 

(NAV 

(ONORBIT 

(RENDEZVOUS 

I 

(NAV 

(ONORBIT 

(RENDEZVOUS 

I 

I 

I 

! 


REL  NAV  display, 
TLM 


NAV  ONORBIT 
RENDEZVOUS  " 


Onorbit /Rendezvous (ONORBIT 
Navigation 


Sequencer 


(REND  R V_ 

!STATE_PRQP, 

(UNORBIT 

(REND  AUfO 

(INFLIGHT  “ 

(UPDATE, NAV 

(ONORBIT 

(RENDEZVOUS 

I 

I 


REL  NAV  display, 
TLM 


REND  SENSOR 
SELECT 
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TABLE  4.2.-  ONORBIT /RENDEZVOUS  NAVIGATION  PRINCIPAL 
FUNCTION  INPUT /OUTPUT  (Continued) 


! 

I 

Variable  (Principal  Function 
Name  ! Source 

I 


I 


IDO  OHB_TO_TGT  IREL  NAV  display 
( 

1 
I 

(Uplink  Processor 
! 

1 


l 
1 
I 

(DO_OV_UPLINK 

l 

( 

I 

I 

(DO_RR_ANGLES 

(NAV 

l 

!DO_RR  ANGLES 
! NAV_L AST 
( 

J 

!DO_RRDOT_NAV 

(LAST 

J 

I 

!DO_ST_ ANGLES 

(NAV 

J 

(DOJ^  ANGLES 
INAV_LAST 
I 
l 

l DO_TV_UP  LINK 

1 

! 

I 

1 


l 
J 

(Onorb it /Rendezvou  s 
(Navigation 
(Sequencer 
1 

(Onorbit/Rendezvous 

(Navigation 

(Sequencer 

I 

l 

I 

1 

( Onorb it /Rende  zvous 
(Navigation 
(Sequencer 
1 

(Uplink  Processor 

1 

I 


1 


(DO_TGT_TO_ORB  ! REL_NAV  display 


l 
I 
I 

ID  _SS 

r 

!DT_COV 

! 


1 

1 

( Local 
(Destination 
1 

1 ( 1 

I 1 1 

(Principal  Function!  Local  1 

( Destination  1 Sou roe  ! 

( 1 ( 

l 

(NAV 

(ONORB IT 
(RENDEZVOUS 

! 

1 

1 

1 

t t 

1 ! 

I 1 

( 1 

(NAV 

! ONORB IT 
(RENDEZVOUS 
1 

I 

(Uplink  Processor, 
ITLM 
l 
! 

(ONORBIT  REND  ( 
(AUTO  INFLIGHT! 
1 UPDATE  1 
! ( 

1 

1 

i 

I 

ITLM 

! 

! 1 

(REND  SENSOR  ! 
(SELECT  ! 

| | 

1 

(REND  NAV 
(SENSOR  IN IT 
l 

1 

! 

i 

! 

I X 

1 ! 

1 l 

I 1 

J 

(REND  NAV 
(SENSOR  INIT 
1 
1 
1 

1 

I 

! 

! 

I 

i 

! 

ITLM 

1 

| 

1 ! 

( ! 

! ! 

1 1 

(REND  SENSOR  ( 

(SELECT  t 

i i 

X 

(REND  NAV 
1 SENSOR  INIT 
1 

1 

I 

I 

i I 

1 ( 

! 1 

1 

(NAV 

(ONORB  IT 

(RENDEZVOUS 

J 

I 

(Uplink  Processor, 
ITLM 
l 
t 

! ! 
(ONORBIT  REND  1 
(AUTO  INFLIGHT! 
1 UPDATE  ! 

( ! 

J 

(NAV 

(ONORB IT 
(RENDEZVOUS 
1 
i 

t 

l 

I 

1 

! 

I 

ITLM 

| 

1 ! 

1 ! 

1 ! 

( ! 

! 1 

! ACCEL_ONORBIT ! 

X 

1 

t 

1 

1 

! 

X 

ITLM 

1 

1 

1 

I 

X X 

(REND  BIAS  AND! 
1 COV  PROP  1 
1 1 
1 1 
! ! 
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TABLE  4.2.-  ONOft BIT /RENDEZVOUS  NAVIGATION  PRINCIPAL 
FUNCTION  INPUT /OUTPUT  (Continued) 


In- 


variable 

Name 


DV  COV 


DT  FILT 


DV  FILT 


Prinoipal  Function 
Sou  roe 


Onorb it /Rendezvous 

Navigation 

Sequencer 


Looal 

Destination 


NAV  QNORBIT 
RENDEZVOUS, 
REND  BIAS 
AND  COV 

PROF,  f£nd 

NAV  INTERP” 


1 

i 

(Navigation 

IR  V STATE 

1 

t 

! 

i 

(Sequencer 

1 

(PROP 

1 

(REND  BIAS 

IE 

(Onorbit/Rendezvous (REND  BIAS 

(TLM 

(Navigation 

(AND  COV 

I 

(AND  COV  PROP, 

(Sequencer 

(PROP 

1 

IREND  NAV 

! 

1 

1 

(FILTER, 

1 

( 

l 

ICOVINIT  UVW, 

1 

1 

1 

(U  A BIAS  AND 

1 

( 

1 

(COVINIT, 

t 

1 

1 

(SETUP , 

! 

1 

1 

1 

IREND  COV  INITl 
1 " “ 1 
(SHUTTLE  RESET  1 

1 FIL.T_UPDATE 

i 

I 

1 

I 

(User  Parameter 

! 

I 

i 

i 

(Processing 

1 

1 

1 

(ONORBIT  REND 

(QMDP 

i 

i 

1 

(Onorb it  Prediotor 

i 

i 

1 

(AUTO  INFLIGHT  1 

! 

1 

t 

i 

1 

ft 

1 UPDATE 
1 

(ONORBIT  REND 

IGMOP 

1 

! 

lOnorbit  Prediotor 

( 

» 

1 

IAUTO  INFLIGHT  1 

! 

i 

t 

1 

l 

ft 

1 UPDATE  1 
1 1 
(ONORBIT  REND 

IG  NEW 

i 

I 

1 

I 

(TLM 

i 

1 

1 

IR  V STATE  I 

i 

i 

I 

| 

1 

(PROP  I 

I 1 

(ONORBIT  REND 

(O  TV 

i 

l 

! 

(TLM 

i 

i 

1 

IR  V STATE  1 

I 

I 

Prinoipal  Funotlonl 
Destination  I 
I 


local 

Source 


I 

TLM  I NAV  ONORBIT 

(RENDEZVOUS,” 
ICOV  LAST 
(RESET 
I 
I 
I 

Onorb it/Rendezvous IONORBIT_REND 

Navigation  !_R_V_  STATE_ 

Sequencer  (PROP 

I 

Onorbit/Rendezvous (ONORBIT  REND 


(PROP 
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TABLE  4.2.-  ONORB  IT/RENDEZVOU.'  NAVIGATION  PRINCIPAL 
FUNCTION  INPUT /OUTPUT  (Continued) 


Variable 

Name 


Principal  Funotion 
Sou  roe 


Local 

Destination 


I I 
(Principal  Function* 
I Destination  I 
t I 


Local 

Source 


G _TV_LAST 

H_NAV 

I_CYCLE 

IDRAG 


IMU_NAV_ACCEL 

THRESH 


Onorb it /Rendez vou  s 

Navigation 

Sequencer 


Startracker  SOP 


Onorbit/Rendezvous 

Navigation 

Sequencer 


REND  BIAS 
AND  COV 
PROP 


Sensor  Data 
Snap 

NAV  ONORBIT 
RENDEZVOUS 


IMG  align  display 


ONORBIT_ 
RENDR  V_ 
STATE  PROP 


IVENT 


IGD 


IGO 


KFACTOR 


MEAS  ENABLE 


M M50  TO  BODY 
COAS 


Uplink  Processor 


REL_NAV  display, 
Onorb it /Rendez  vou  s 
Navigation 
Sequencer 


ACCEL_ 

ONORBIT 

NAV_ 

ONORBIT_ 

RENDEZVOUS 


! 

I 

i 

t 

! 

I 

I 

I 

( 

(TLM 

! 

t 

! 


(NAVONORBIT 

(RENDEZVOUS, 

(REND_COV_INIT 

( 


(Onorbit/Rendezvous !ONORBIT_REND 
(Navigation  IR_V_STATE_ 

(Sequencer  (PROP 

( ! 

(TLM  (NONE 

( ( 

( I 

I ! 

(Onorbit/Rendezvous !ONORBlT_REND 
(Navigation  !R_V_STATE_ 

(Sequencer  (PROP 

t t 

(Onorbit/Rendezvous !0N0RBI7_REND 
(Navigation  (R_V_STATE_ 

(Sequencer  (PROP 

( I 

(Onorbit/Rendezvous (ONORBIT  REND 


(Navigation 

(Sequencer 

l 

» 


l 

I 

I 

( 

I 

(TLM 

l 

I 


(RVSTATE 

(PROP 

I 

J 

J 

I 

I 

l 

I 

t 

I 

INAVJJNORBIT 
(RENDEZVOUS  " 
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TABLE  4.2.-  ONORB IT /RENDEZVOUS  NAVIGATION  PRINCIPAL 
FUNCTION  INPUT /OUTPUT  (Continued) 


79FM10 


! Variable 
! Name 

I II  I 

1 II  1 

(Principal  Funotion!  Local  (Principal  Function  1 Local 
1 Source  (Destination!  Destination  I Source 

I II  I 

I 

I 

I 

I 

!M_M50_T0_ST 

I 

I 

ITLM 

INAV  ONORBIT 

I 

I 

I 

(RENDEZVOUS 

I 

I 

I 

I 

IMM_202 

IMSC 

INAV  ONORBIT! 

I 

1 

I RBIDEZVOUS! 

I 

1 

I 

I 

I 

IN  _ACCEPT 

lOnorb it /Rendezvous 

I MEAS 

ITLM,  REL_NAV 

IMEAS 

(Navigation 

(PROCESSING 

(display 

(PROCESSING 

(Sequencer 

(STATISTICS' 

1 

(STATISTICS 

1 

IR0ID 

I 

I REND,  DISPLAY 

1 

I 

I 

I COUNT  INIT, 

1 

I 

I 

(SETUP 

1 

I 

I 

I 

! NAV_MEAS 

I 

I 

ITLM 

INAV  ONORBIT 

1 

I 

I 

{RENDEZVOUS 

I 

I 

1 

1 

INAV  ANGLES  AIFI 

I 

ITLM 

INAV  ONORBIT 

! 

I 

I 

I 

(RENDEZVOUS 

1 

I 

I 

I 

1 

INAV  CURR  ORB 

1 

I 

ITLM 

INAV  ONORBIT 

IMASS 

1 

I 

I 

(RENDEZVOUS 

I 

1 

I 

1 

1 

INAV  DO  COVAR 

I 

1 

ITLM 

INAV  ONORBIT 

IREINIT 

1 

I 

1 

! RENDEZVOUS 

1 

1 

I 

1 

1 

INAV  DO  FLTR 

I 

I 

ITLM 

INAV  ONORBIT 

I SLOW  RATE 

l 

I 

1 

(RENDEZVOUS  ~ 

l 

I 

1 

1 

I 

lNAV_DO  ORB_TO 

l 

I 

ITLM 

INAV  ONORBIT 

1TGT~" 

I 

I 

1 

(RENDEZVOUS 

! 

I 

I 

1 

1 

INAV  DO  OV 

I 

I 

ITLM 

INAV  ONORBIT 

I UPLINK 

1 

I 

1 

(RENDEZVOUS 

1 

I 

1 

1 

1 

INAV  DO  TGT  TO 

I 

I 

ITLM 

INAV  ONORBIT 

I ORB 

1 

I 

l 

(RENDEZVOUS 

1 

I 

1 

1 

l 

INAV  DO  TV 

l 

I 

ITLM 

INAV  ONORBIT 

iuplink' 

1 

I 

1 

I RENDEZVOUS  “ 

1 

I 

I 

1 

I 

INAV  MEAS 

I 

I 

ITLM 

INAV  ONORBIT 

1 ENABLE 

1 

I 

1 

(RENDEZVOUS  “ 

1 

I 

I 

1 

1 
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TABLE  4.2.-  ONORB IT /RENDEZVOUS  NAVIGATION  PRINCIPAL 
FUNCTION  INPUT /OUTPUT  (Continued) 


Variable 

Name 


Principal  Function 
Source 


Local 

Destination 


I 

I 

Principal  Function! 
Destination  ! 

1 


Local 

Source 


NAV  MM  202 


NAV_PWRD_FLT_ 

NAV 

NAV  RANGE  AIF 


NAV  RDOT  M F 


NAV_RR_ANGLES 

ENABLE 

NAV  ST  ENABLE 


TLM 

TLM 

TLM 

TLM 

TLM 

TLM 


FAIL 


! 

INAVONORBIT 
! RENDEZVOUS  " 
! 

! NAV_ONORBIT 
! RENDEZVOUS  " 
! 

!NAV_ONORBIT 
! RENDEZVOUS  " 
I 

!NAV_ONORBIT 
IRENDEZVOUS  " 
! 

!NAV_ONORBIT 
IRENDEZVOUS  " 
! 

!NAV_ONORBIT 
IRENDEZVOUS  " 
! 


!NAV  SIGHT 

(Startracker  SOP 

(Sensor  Data! 

( 

! 

1 

! 

1 

ISnap 

t 

! 

t 

l 

i 

1 

• 

(NAV  TARGET 

IStartracker  SOP 

* i 

(Sensor  Data! 

! 

i 

I 

• 

(Snap 

1 

! 

i 

! 

1 

I 

i * i 

INOISY  NAV  MEASIOnorbit/RendezvouslREND  BIAS 

< 

i 

(Navigation 

(AND  GOV 

i 

1 

(Sequencer 

1 

(PROP 

• 

i 

1 

1 

! 

(ME  AS 

!N  _ REJECT 

1 I 

!Onorb it /Rendezvou s ! ME AS 

(TLM,  REL_NAV 

(Navigation 

(PROCESSING 

(display 

(PROCESSING 

(Sequencer 

(STATISTICS- 

i 

(STATISTICS 

! 

! 

1 

I 

(REND 

( 

( 

1 

! 

1 

1 

1 

| 

(REND, 
(DISPLAY 
(COUNT  INIT, 
(SETUP 
1 

(none 

! 

(ONORBIT  REND 

!OP_CODE 

! 

! 

1 

! 

! 

• 

1 

(TLM 

a 

!0V  PREDICT 

I 

1 

! 

( 

1 

(TLM 

! AUTO_INFLIGHT I 
! UPDATE 

f 

! 
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1 Variable 
1 Name 

1 II  II 

1 II  II 

IPrincipal  Function!  Local  IPrinoipal  Function!  Local  1 

I Source  I Destination!  Destination  1 Sou roe  1 

I II  II 

I 

I 

I 

I 1 

IP RED  ORB  AREA 

1 

I 

lOnorbit 

Prediotor 

.IONORBIT  REND  1 

I 

1 

ITLM 

IAUTO  IN? LIGHT I 

I 

I 

1 UPDATE  I 

I 

I 

1 

I 1 

1PRED  ORB  CD 

1 

1 

lOnorbit 

Predictor 

.IONORBIT  REND  1 

I 

I 

ITLM 

IAUTO  INFLIGHT  1 

I 

I 

I 

I UPDATE  1 

IPRED  ORB  MASS 

I 

I 

lOnorbit 

Prediotor 

.IONORBIT  REND  1 

I 

I 

ITLM 

IAUTO  INFLIGHT! 

I 

I 

I 

I UPDATE  I 

I 

I 

I 

r i 

IPREDJ5TEP 

I 

I 

lOnorbit 

Predictor 

.IONORBIT  REND  I 

I 

I 

ITLM 

IAUTO  INFLIGHT! 

1 

I 

I 

I UPDATE  I 

I 

I 

1 

I I 

IPRED  USE 

I Onorb it /Rendezvous IONORBIT 

lOnorbit/Rendezvous IONORBIT  REND  I 

(Navigation 

I REND  AUTO 

(Navigation 

IAUTO  INFLIGHT! 

I Sequencer 

I INFLIGHT 

(Sequencer,  TLM 

1 UPDATE,  I 

I 

(UPDATE 

1 

ISTATE  VECTOR  I 

I 

I 

I 

I PREDICT  TASK  I 

I 

I 

I 

I I 

IPWRD  FLT  NAV 

IREL  NAV  disc lav. 

I NAV 

ITLM 

(none  I 

lOnorbit/Rendezvous IONORBIT 

I 

I I 

(Navigation 

(RENDEZVOUS 

I 

I I 

(Sequencer,  FCS/DED! 

I 

I I 

IDISP  C/O  Display 

I 

I 

I ! 

I 

I 

I 

I I 

IQ  BOD  M50 

lOnorbit  Attitude 

! IMU  Data 

I 

I I 

(Processing 

ISnap 

I 

I I 

I 

I 

I 

I I 

IQ  COAS  HORIZ 

I 

I 

ITLM 

I NAV  ONORBIT  I 

I 

I 

1 

I RENDEZVOUS  I 

1 

I 

I 

I I 

IQ  COAS  VERT 

I 

1 

ITLM 

I NAV  ONORBIT  I 

I 

I 

1 

(RENDEZVOUS  I 

I 

I 

I 

1 I 

IQ  M50B0DY  IMU 

I 

I 

ITLM 

I NAV  ONORBIT  I 

I 

I 

I 

(RENDEZVOUS  I 

1 

I 

I 

I I 

IQ  M50B0DY  RR 

(Rendezvous  Radar 

(Sensor  DatalTLM 

I NAV  ONORBIT  I 

ISQP 

ISnap 

I 

I RENDEZVOUS  I 

1 

I 

I 

I 1 

I 

I 

l 

I I 
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1 

! 

1 Variable 
! Name 

I 

1 

l 

(Principal  Function 
I Source 

J 

1 

1 

1 Local 
(Destination 
! 

( t 

i i 

(Principal  Function!  Local 

1 Destination  l Source 

( 1 

! 

1 

1 

( 

1 

!Q  ST  HORIZ 

J 

(TLM 

(NAV  ONORBIT 

! 

( 

1 

! 

(RENDEZVOUS 

1 

l 

J 

! 

l 

!Q  ST  VERT 

1 

( 

(TLM 

(NAV  ONORBIT 

1 

( 

1 

1 

(RENDEZVOUS 

! 

! 

( 

1 

! 

!Q  RR  RNG 

1 

1 

(TLM 

(NAV  ONORBIT 

! 

l 

I 

J 

(RENDEZVOUS 

! 

l 

1 

I 

1 

!Q  RR  RNG  DOT 

( 

1 

(TLM 

(NAV  ONORBIT 

! 

i 

1 

l 

(RENDEZVOUS 

!Q  RR  SHFT 

1 

(TLM 

(NAV  ONORBIT 

! 

! 

!Q  RR  THUN 

i 

J 

1 

! 

1 

(TLM 

(RENDEZVOUS 

! 

(NAV  ONORBIT 

X 

i 

X 

l 

! 

i 

1 

1 

(RENDEZVOUS 

! 

i 

! 

! 

l 

(RANGE  AIF 

(REL  NAV  display 

(NAV  ONORBIT 

( 

( 

1 

l 

(RENDEZVOUS 

( 

1 

I 

1 

1 

1 

1 

(RANGE  AIF 

l 

(REL  NAV  display. 

(REND  SENSOR 

(DISPLAY 

! 

1 

(TLM 

(SELECT 

l 

I 

1 

1 

1 

(RDOT  AIF 

(REL  NAV  display 

(NAV  ONORBIT 

l 

l 

1 

1 

(RENDEZVOUS 

» 

l 

I 

t 

J 

1 

1 

(RDOT  AIF 

1 

1 

(REL  NAV  display, 

(REND  SENSOR 

(DISPLAY 

l 

(RDOT  DATA  GOOl 

( 

1 

1 

1 

(TLM 

l 

(TLM 

(SELECT 

! 

(NAV  ONORBIT 

31 

1 

! 

1 

IR  FILT 

1 

1 

1 

t (RENDEZVOUS 

! 1 

(Onorbit/Rendezvous (ONORBIT_REND_ 

( « 
(Onorbit/Rendezvous !ONORBIT_ 

l 

(Navigation 

(REND  R V 

(Navigation 

IR  V STATE 

! 

(Sequencer 

(STATE  PRSP, 

(Sequencer 

(PROP,  REND 

! 

1 

JCOV  LAST 

l 

(NAV  FILTER 

I 

1 

1 RESET, REND 

1 

1 

1 

! 

(COV  I NIT, 

1 

1 

! 

( 

(NAV  ONORBIT 

1 

1 

1 

I 

(R  FILT  TLM 

1 

1 

! RENDEZVOUS 

i 

I 

1 

J 

1 

(NAV  ONORBIT 

( 

(TLM 

! 

! 

i 

( 

(RENDEZVOUS 
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TABLE  4.2.-  ONORBIT/RENDEZVOUS  NAVIGATION  PRINCIPAL 
FUNCTION  INPUT /OUTPUT  (Continued) 


i 


Variable 

Name 


I 

I 

Principal  Function!  Local 

Source  I Destination 


(Principal  Function 
! Destination 

! ! 

! ! 

! Local  ! 

! Source  ! 

! ! 

!TLM 

t ! 

! ! 

! ! 

! ! 

! ! 

! ! 

i ! 

! ! 

! ! 

! ! 

! ! 

! ! 

!NAV  ONORBIT  ! 

(RENDEZVOUS  ! 
1 1 

!TLM 

!none  ! 

! ! 

! ! 

! ! 

lOnorbit  Predictor, 

! ! 

! ! 

! ! 

! ONORBIT  REND  ! 

!TLM 

!AUTO  INFLIGHT! 

! UPDATE, STATE! 

1 VECTOR  ! 

(PREDICT  TASK  ! 
! “ ! 
! ! 

!TLM 

! ! 

! 1 

!NAV  ONORBIT  1 

(RENDEZVOUS  ! 

1 I 

!TLM 

l I 

!NAV  ONORBIT  ! 

(RENDEZVOUS  ! 
! ! 

! ! 

!TLM 

! ! 

! 1 

INAV  ONORBIT  ! 

(RENDEZVOUS  “ « 
1 ! 

1 1 

R GND 


R LAST 


! 

Uplink  Processor  !ONORBIT_ 
(REND  AUTO 
I INFLIGHT  " 
! UPDATE 
! 

Onorb it /Rendezvous! REND  BIAS 


Navigation 

Sequencer 


RNG_DATA_GOOD 
R PRED  FINAL 


Onorb it  Predictor 


R PRED  INIT 


RR  ANG  DG 


RR_ANGLE_DATA_ 

GOOD 

RR_ANGLE_MARK_ 

NUM 

RR_ANGLES_ 

ENABLE 

RRDOT  MARK  NUM 


Rendezvous  Radar 
SOP 


REL_NAV  display 


IAND_C0V_ 
(PROP, 
!REND_NAV 
! INTERP 
! 

! 

! 

! 

!ONORBIT_ 
(REND  AUTO_ 
!INFLlGHT_ 
JUPDATE,  STATE 
I VECT0R_ 
1PREDICTJTASK 
! 

! 

! 

I 

! 

! 

! 

lSensor  Data 
ISnap 
! 

! 


! 

! 

!NAV  ONORBIT 
! RENDEZVOUS  " 
! 

! 
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TABLE  4.2.-  ONORBIT /RENDEZVOUS  NAVIGATION  PRINCIPAL 
FUNCTION  INPUT /OUTPUT  (Continued) 


I 

I 

Variable  (Principal  Function 
Name  ! Source 

I 


Local 

Destination 


Principal  Funotion 
Destination 


Local 

Source 


R _ RESET 

RR_PITCHD 

RR_RANGEO 

RR_RNG_DG 

RR_RNGR_DG 

RR_RNGR0 

RR_ROLLO 

RR_SELF_TEST 

RR_TIM 

R TV 


R TV  CND 


I 


! 

I 

(Rendezvous  Radar 

(SOP 

I 

(Rendezvous  Radar 
(SOP 
1 

(Rendezvous  Radar 
(SO* 

I 

(Rendezvous  Radar 

(SOP 

I 

(Rendezvous  Radar 
(SOP 
! 

(Rendezvous  Radar 

(SOP 

I 

(Rendezvous  Radar 

(SOP 

J 

(Rendezvous  Radar 
(SOP 
( 

I Onorb it /Rende  zv  ous 
(Navigation 
(Sequencer 
( 

I 


1 

(Uplink  Processor 
! 

I 


User  Parameter 
Processing 


SHUTTLE  RESET 


Sensor  Data 
Snap 

Sensor  Data 
Snan 

Sensor  Data 
Snap 

Sensor  Data 
Snap 

Sensor  Data 
Snap 

Sensor  Data 
Snap 

Sensor  Data 
Snap 

Sensor  Data 
Snap 

ONORBIT 
REND  R V_ 
STATE  PROP, 
REL_NAV 
DISPLAY- 

updatesT 

COV  LAST 
RESET,  REfiD 
COV_INIT,  “ 
NAV_ONORBIT 
RENDEZVOUS  “ 

ONORBIT 
REND  AUTO 
INFLIGHT  ” 
UPDATE 


Onorb it /Rendezvous 

Navigation 

Sequencer 


ONORBIT  REND 

r_v_sta¥e_ 

PR0P,REND_ 
NAV  FILTER 
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Variable 

Name 


! 

l 

Principal  Function!  Looal 

Source  {Destination 


! 

! 

1 

1 

!R  TV  LAST 

! ! 

JOnorb it /Rendezvous! REND  BIAS 

I 

I 

I 

I 

(Navigation 

(Sequencer 

! 

! 

(AND  00V 
(PROP, 
(REND  NAV 
(INTERP 
1 
( 

I 

I 

1 

1 

1 

I 

1 

I 

1 

(TARGET  RESET 

!R  _TV_ RESET 

! 

I 

! 

i 

1 

lUser  Parameter 
(Processing 
| 

1 

( 

! 

( 

I 

(NAV  ONORBIT 

!R  _TV_1LM 

! 

! 

ITLM 

1 

1 

! 

I 

(RENDEZVOUS 

( 

(NAV  ONORBIT 

! SENSOR  BIAS 

! 

! 

ITLM 

!TLM 

! 

! 

I 

1 

1 

(RENDEZVOUS 

1 

(REND  SENSOR 

! SENSOR_EDIT 
1 

! 

! 

! 

! 

! 

! 

1 

ITLM 

I 

1 

I 

I 

I 

1 

! 

1 

( 

1 

(SELECT, 

(RRDOT  NAV, 

!RR  ANGLE  NAV, 
(ANGLE  NAV 
i 

(NAV  ONORBIT 

1 S 

1SELF  TEST  FLAG! 

ITLM 

! 

i 

1 

vous IMEAS 

1 

(RENDEZVOUS 

1 

(SETUP, 

ISEQ  ACCEPT 

I 

lOnorbit/Rendez 

I 

ITLM 

l Navigation 

(PROCESSING 

i 

IMEAS 

(Sequencer 

(STATISTICS 

! 

(PROCESSING 

! 

(REND 

! 

(STATISTICS 

! 

i 

1 

(REND, 

! 

1 

i 

(DISPLAY  COUNT 

! 

! 

! 

1 

! 

t 

I I NIT 
! 

ISEQ_  REJECT 

(Onorbit/Hendezvous IMEAS 
(Navigation  (PROCESSING 

(TLM 

1 

(SETUP, 

IMEAS 

(Sequencer 

(STATISTICS 

1 

(PROCESSING 

! 

(REND 

1 

(STATISTICS 

! 

i 

1 

(REND, 

! 

1 

1 

(DISPLAY  COUNT 

1 

! 

( 

! 

I 

1 

1 

! 

1 

! 

I 

1 

! I NIT 
1 
1 
I 

j 

! 

Principal  Funotion!  Looal 

Destination  ! Sou roe 
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TABLE  11 .2.-  ONORBIT /RENDEZVOUS  NAVIGATION  PRINCIPAL 
FUNCTION  INPUT/OUTPUT  (Continued) 


1 Variable 
I Name 

1 ! 1 

! ! ! 

(Principal  Function  1 Loeal  (Principal  Function 
! Source  (Destination!  Destination 

( t t 

I 

1 

I Local 
( Source 
l 

1 

( 

I 

! 

! SHUTTLE  FILTER! 

! 

(TLM 

(none 

! FLAG 

! 

1 

1 

1 

1 

I 

i 

I 

!SIG  UPDATE 

(Uplink  Processor 

JCOVINIT  UVW! 

( 

1 

( 

( 

( 

(SQR  EMU 

(Onor bit /Rendezvous (MEAN  CONIC 

t 

! 

(Navigation 

(PARTIAL  1 

! 

(Sequencer 

(TRANSITION 

,! 

! 

I 

(MATRIX  6X6, 

! 

! 

(ONORBIT  SV 

t 

I 

! 

IINTERP 

! 

! 

! 

( 

i 

I 

1ST  DATA  GOOD 

1 

t 

(TLM 

(NAV  ONORBIT 

I 

1 

l 

(RENDEZVOUS 

! 

t 

! 

1 

1ST  ENABLE 

IREL  NAV  display 

(NAV  ONORBIT 1 

1 

t 

( RENDEZVOUS! 

i 

I 

1 

I 

! 

1ST  MARK  NUM 

I 

! 

(TLM 

(NAV  ONORBIT 

l 

t 

I 

(RENDEZVOUS 

! 

I 

I 

! 

ITAU  UNMOD  ACC  JOnorb it /Rendezvous  I REND  BIAS 

( 

1 

!COV 

(Navigation 

(AND  COV 

( 

( 

1 

(Sequencer 

IP  ICP 

1 

1 

! 

i 

I 

i 

( 

!T  COAS 

( 

1 

(TLM 

(NAV  ONORBIT 

I 

( 

! 

l 

(RENDEZVOUS 

! 

1 

I 

! 

( 

!T  COV  LAST 

(Onorbit/RendezvousIREND  BIAS 

1 

! 

! 

(Navigation 

(AND  COV 

i 

! 

! 

(Sequencer 

(PROF 

! 

! 

! 

I 

1 

1 

( 

IT  CURRENT  FILT! 

I 

(TLM 

(NAV  ONORBIT 

! 

! 

t 

I RENDEZVOUS 

! 

1 

1 

l 

ITFOFF 

(Uplink  Processor 

(ACCEL 

(TLM 

(none 

1 

(ONORBIT 

! 

1 

! 

1 

1 

1 

ITFON 

(Uplink  Processor 

(ACCEL 

(TLM 

(none 

i 

1 ONORBIT 

! 

t 

t 

( 

1 

t 

! 

i 

! 

9 
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TABLE  4.2..  ONORBIT /RENDEZVOUS  NAVIGATION  PRINCIPAL 
FUNCTION  INPUT /OUTPUT  (Continued) 


( 


( 


< 

n 

1 

f 

i 

1 

1 Variable 

{Principal  Function!  Local 

! Name 

1 Sou roe 

(Destination 

1 

1 

I 

I 

I 

I 

IT  GND 

(Uplink  Processor 

IONORBIT 

1 

1 

IREND  AUTO 

1 

1 

I INFLIGHT 

1 

I 

(UPDATE 

1 

I 

1 

I TIME 

IStartracker  SOP 

I Sensor  Data 

1 

I 

(Snap 

1 

I 

I 

IT  IMUS  GA 

IIMU  Inertial 

IIMU  Data 

1 

1 Process  i'g 

(Snap 

1 

I 

I 

IT  LAST  FILT 

lOnorbit  Rendezvous IONORBIT 

l 

(Navigation 

IREND  R V 

1 

(Sequencer 

(STATE  PROP. 

1 

I 

INAV  ONORBIT 

1 

1 

I RENDEZVOUS 

1 

I 

I 

IT  LAST  FILT 

I 

I 

itCm 

I 

l 

1 

I 

I 

IT  M50  BODY 

IStartracker  SOP 

(Sensor  Data 

1 

I 

(Snap 

1 

I 

I 

IT  »60  ST 

IStartracker  SOP 

1 Sensor  Data 

1 

1 

(Snap 

1 

I 

I 

IT  ORB  STATE 

I 

1 

1 UPDATE 

I 

I 

1 

1 

1 

1 

I 

I 

ITOT  ACC 

I 

1 

1 

1 

I 

1 

I 

I 

ITOT  ACC  LAST 

lOnorbit/Rendezvous IREND  BIAS 

1 

(Navigation 

! AND  COV 

1 

(Sequencer 

(PROP 

1 

1 

I 

IT  PRED  FINAL 

I 

I 

1 

1 

I 

1 

1 

I 

1 

I 

I 

I 

l 

1 

IPrinoipal  Function 
1 Destination 

I I 

1 Looal  1 

1 Source  1 

1 1 

1 Onorb it /Rendezvous 

1 1 

I I 

1 1 

1 1 

1 1 

1 1 

1 1 

I 1 

1 1 

1 1 

I 1 

1 1 

IONORBIT  REND  1 

(Navigation 

!R  V STATE  ”! 

(Sequencer 

IPROP  I 

I I 

I 1 

ITLM 

1 1 
INAV  ONORBIT  I 

(RENDEZVOUS  “ I 
1 I 

1 1 

I I 

1 t 

ITLM 

1 s 

1 I 

1 I 

1 I 

IONORBIT  REND  1 

I AUTO  INFLIGHT! 

I UPDATE  t 

ITLM 

IREND  BIAS  AND! 

I COV  PROP  1 

I 1 

1 I 

| I 

lOnorbit  Predictor, 

I 1 

I I 

(STATE  VECTOR  I 

ITLM 

(PREDICT  TASK  I 

I I 
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TABLE  4.2.-  ONORBIT /RENDEZVOUS  NAVIGATION  PRINCIPAL 
PUNCTION  INPUT /OUTPUT  (Continued) 


Variable 

None 


Principal  Function 
Source 


Looal 

Destination 


j 

I 

Principal  Function!  Local 

Destination  ! Source 

! 


T PRED  I NIT 


T_REND_  RADAR 
T RESET 


Onorb it /Rendezvous 

Navigation 

Sequencer 


STATE 

VECTOR 

PREDICT 

TASK 


TRG_TRK_MODE 
T_STAR_TRACKER 
T_TARLOS 
T TV 


Onorbit  Predictor, 
TLM 


TLM 


User  Parameter 
Processing, 

Onorb it /Rendezvous 
Navigation 
Sequencer 

TLM 


TLM 


Startracker  SOP 


Onorbit/Rendezvous 

Navigation 

Sequencer 


Sensor  Data 
Snap 

REND  CO V 

init” 


TLM,  Onorbit/ 
Rendezvous  Naviga- 
tion Sequencer 


T TV  GND 


T TV  STATE 
UPDATE 


Uplink  Processor 


ONORBIT 
REND  AUTO 
INFLIGHT  ” 
UPDATE 


TLM 


! 

! ONORB IT  REND 
! AUTO_INFLIGHT 
I UPDATE .STATE 
!~VECTOR_ 
IPREDICT_TASK 
! 

:NAV  ONORBIT 
! RENDEZVOUS  " 

I . 

SHUTTLE_RESET 

! 

1 

I 

! 

! 

!NAV  ONORBIT 
! RENDEZVOUS 
I 

!NAV  ONORBIT 
! RENDEZVOUS  ~ 

I 

I 

! 

! 

!ONORBIT_REND_ 

!R_V_STATE_ 

IPROP, 

! ONORBIT_REND_ 
! A UTO_ INFLIGHT 
!_UPDATE  (TLM 
!only) 

! 

! 

! 

! 

! 

! 

! ONORBIT  REND 
!AUTO_INFLIGHT 
! UPDATE 
!~ 
t 
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TABLE  4.2.-  ONOR BIT /RENDEZVOUS  NAVIGATION  PRINCIPAL 
FUNCTION  INPUT/OUTPUT  (Continued) 


T 


Variable 

Name 


T 


Principal  Function!  Looal 

Source  (Destination 
I 


Principal  Funotionl  Looal 

Destination  ! Source 

I 


TV  PREDICT 
FAIL 


UNMOD  ACC  BIAS 


UNHOD  ACC 
BIAS_TLM  ' 

UR  SUN 


USE_IMU_DATA 

VAR_UNHOD_ACC 

V CURRENT_ 
FILT 

VENT_SS 

V FILT 


V FILT  TLM 


I 
! 

I 

! 

I 

Onorbit/Rendezvous I ACCEL_ 
Navigation  IONORBIT, 

Sequencer  1REND  BIAS 

(AND  COV 
(PROP,  NAV_ 
IONORBIT 
(RENDEZVOUS 
I 
( 

( 

1 

! 

! 

I 

! 

I 

( 

! 

I 

Onorbit/Rendezvous (REND  BIAS 
Navigation  1ANDJ50V_  ~ 

Sequencer  (PROP 

! 

1 

! 

I 

! 

! 

Onorbit/Rendezvous iONORB IT 
Nav igat ion  ! REND_R_V_ 

Sequencer  (STATE  PROP , 

(REND  OOV 
(INIT7  NAV 
IONORBIT 
(RENDEZVOUS 
! 

I 

! 


I 

TLM  IONORBIT  REND 

(AUTO  INFLIGHT 
I UPDATE 

r 

I 
I 
I 
I 


I 

I 

TLM  (NAV  ONORBIT 

(RENDEZVOUS  “ 

! 

Universal  Pointing (ONORBIT_REND_ 

Processing  !R_V  STATE 

(PROP 
! 

TLM  IONORBIT  REND 

(R  V STATE 
(PlC? 

I 
I 


TLM 


TLM 


(NAV  ONORBIT_ 
(RENDEZVOUS 
I 

(ACCEL  ONORBIT 
I 

Onorbit/Rendezvous (ONORBIT_REND 
Navigation  JR_V_STATE 

Sequencer  IPROP, REND_NAV 

!_FILTER 

r 

i 

i 

i 

TLM  (NAV  ONORBIT 

(RENDEZVOUS 
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TABLE  4.2.-  ONORBIT /RENDEZVOUS  NAVIGATION  PRINCIPAL 
FUNCTION  INPUT /OUTPUT  (Continued) 


4 


V _3MU_CURRENT 

V .IMU.RESET 
!V  LAST 


Variable 

Name 


VFORCE 
V GND 


V LAST  FILT 


VMP 


V NAV 


V PRED  FINAL 


I 


! 


Principal  Funcbionl  Local 

Souroe  1 Destination 
! 


I 


Uplink  Processor 


(ACCEL 

(ONORBIT 


! 


Uplink  Processor 


(ONORBIT 
(REND  AUTO 
! INFLIGHT.” 
JUPDATE 


1 


IMU  Redundancy 
Management 


(IMU  Data 
(Snap 
l 
! 

1 


1 


(User  Parameter 
Processing,  TLM 


Onorbit/Rendezvous 1 REND_BIAS_ 
Navigation  ! AND_COV_ 

Sequencer  (PROP, 

!REND_NAV_ 

(INTERP 

l 

Onorbit/Rendezvous (ONORBIT 


Navigation 

Sequencer 


JREND_R_V_ 
(STATE  PROP 
t 
( 


( 


! 


i 


Startracker  SOP 


Onorbit  Predictor 


(Sensor  Data 

(Snap 

l 

(ONORBIT. 

!REND_AUT0_ 

(INFLIGHT.” 

1UPDATE, 

(STATE 

(VECTOR. 

(PREDICT. 

(TASK 


( 


( 


Principal  Funotion 
Destination 


TLM 


Onorbit  Predictor 


TLM 


Local 

Source 


none 


SHUTTLE  RESET 


ONORBIT.  REND_ 
AUTO.INFLIGHT 
UPDATE 


none 


0 
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TABLE  4.2.-  ONORBIT /RENDEZVOUS  NAVIGATION  PRINCIPAL 
FUNCTION  INPUT /OUTPUT  ( Concluded) 


" 1 1 

1 I 

Principal  Funotion!  Local  (Principal  Function 
Sou roe  I Destination!  Destination 

I I 


r 


Variable 

Name 


Looal 
Sou roe 


V PRED  I NIT 


V RESET 


V TV 


1 

I 

I 

! 

! 

I 

I 

1 

I 

I 

Onorb it /Rendezvous (ONORBIT 


Navigation 

Sequenoer 


I 

ITLM,  Onorbit 
(Predictor 
1 
I 
( 

( 

(User  Parameter 
I Processing 
I 

t Onorb i t /Rendezvou s 
(Navigation 


!REND_R_V_ 

(STATE  PROP, (Sequencer 
(REL  NlV  ( 

(DISPLAY-  ( 

(UPDATES,  I 
JCOV  LAST  ( 

(RESET, REND  t 
(COV  INIT,  “( 
!NAV“ONORBITI 
I RENDEZVOUS! 


(ONORBIT  REND 
AUTO  INFLIGHT 
[ UPDATE, STATE 
”VRCTOR 
PREDICTJTASK 

SHUTTLE  RESET 


ONORBIT_REND 
R_V_STATE_ 
PROP, REND 
NAV  FILTEl 


V TV  GND 


V TV  LAST 


Uplink  Processor 


! I 

(ONORBIT  ! 
(REND  AU?0_  ! 
(INFLIGHT  ( 
(UPDATE  ! 
( ! 
Onorb it /Rendezvous (REND  BIAS  I 


Navigation 

Sequenoer 


V TV  RESET 


V TV  TLM 


(AND  COV 
(PROP, 
(REND  NAV 

iinteIp 

( 

! 

! 

t 


( 

( 

( 

( 

( 

(User  Parameter 

(Processing 

I 

ITLM 

( 

I 


TARGET  RESET 


NAVONORBIT 
RENDEZVOUS  ' 
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4.2.1  Navigation  Control  ( NAV-ONORBIT..  RENDEZVOUS) 

The  navigation  control  subfunction  is  responsible  for  providing  the  executive 
logio  for  the  proper  execution  of  the  Onorbit /Rendezvous  navigation  principal 
function.  This  subfunction  shall  perform  the  following  tasks. 

- Store  the  Orbiter  and  target  state  vectors  from  the  previous  navigation 
cycle  into  protected  locations  for  downlist 

- Snap  all  external  flags  input  to  NAV , the  IMU  data,  and  rendezvous  sensor 
data 

- Provide  fbr  possible  automatic  inflight  updates  of  either  the  Orbiter  or 
target  position  and  velocity  vectors 

- When  in  rendezvous  phase,  the  navigation  control  subfunction  will  provide 
the  capability  to  respond  to  crew  requests,  via  the  REL_NAV  display,  to 
reinitialize  the  covariance  natrix  or  to  do  state  vector  transfers  be- 
tween the  Orbiter  position  and  velocity  vectors  and  the  target  position 
and  velocity  vectors 

- Provide  for  the  propagation  of  the  position  and  velocity  vectors  for  the 
Orbiter  and,  when  in  rendezvous  phase,  propagate  the  target  position  and 
velocity  vectors  also 

- Vlher  in  rendezvous  phase,  this  subfunction  shall  perform  the  scheduling 
of  the  asynchronous  covariance  propagation  and  will  invoke  the  Rendezvous 
Bias  and  Covariance  propagation  subfunction  when  scheduled 

- When  in  rendezvous  phase,  the  navigation  control  subfunction  will  provide 
for  the  proper  processing  of  the  rendezvous  sensor  data.  If  the  IMU 
sensed  acceleration  magnitude  falls  below  a design  dependent  threshold, 
then  the  sensor  data  will  be  processed 

- Finally,  the  navigation  control  subfunction  shall  invoke  the  Shuttle 
reset  subfunction  to  store  the  updated  Shuttle  position  and  velocity 
vectors  for  the  User  Parameter  Processing  principal  function.  When  in 
rendezvous  phase,  the  target  reset  subfunction  is  called  to  store  the  tar- 
get position  and  velocity  vectors. 

A.  Db tailed  Requirements.  This  subfur.etion  shall  perform  the  following  steps 

in  the  order  indicated . 

1.  Execute  the  SNAP_INPUTS  code  which  consists  of  the  following  tasks: 

a.  Store  the  Orbiter  and  target  state  vectors  and  time  tag  from  the  previ- 
ous navigation  cycle  into  protected  locations  for  downlist. 

T_LAST  FILT  TLM  = T LAST  FILT 
R _FILT_TLM"=  R FILT 
V _FILT_TLM  = 7 “FILT 
R TV  TLM  ; R TV 
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V TV  TLM  = V TV 

SENSOR  BIAS_TLM  = SENSOR  BIAS 

UNMOD_ACC_BIAS_TLM~  = UNMOD_ACC_BIAS 

b.  Store  the  external  flags  input  to  NAV  and  the  Orbiter  mass  into 
protected  locations  for  NAV. 

jh 

NAV_ANGLES  A IF  = ANGLES  AIF  :;f 

NAV  RANGE  AIF  = RANGE_AIF  f 

NAV~ RDOT  AIF  = ROOT  AIF  M 

NAV_CORR“ORB  MASS  =~CURR  ORB  MASS  f 

NAV _DO_COVA R~R  E IN IT  = DO~COVAR  RE I NIT 

NAV_D0~ ORB_TO_TGT  = D0_0RB_T0_TGT 

NAV JXf TGT_TO_ORB  = DO  TGT  TO_ORB 

NAV_DO~OV_UPLINK  = DO  OVJJPLINR 

NAV_DO_TV_UP  L INK  = DO_TV_UPLINK 

NAV_DO  FLTR  SLOW_RATE  = DO  FLTR_SL0W_  RATE 

NAV_MEAS  ENABLE  I MEAS_ENABLE 

NAV  MM  202  = m 202 

NAV  PWSD_FLT  NA?  = PWRD_FLT_NAV 

NAV"RR  ANGLES_ENABLE  = RR_ANGLES_ENABLE 

NAV_ST_ENABLE  = ST_ENABLE 

c.  Snap  the  measurement  data  input  to  NAV,  which  consist  of  the  follow- 
ing steps: 

(1)  Snap  the  IMU  accumulated  velocity  count,  time  tag,  and  mean  of 
50  body  quatemi  n as  described  in  section  4. 2. 2.1. 

SNAP( V _CURRENT_FILT , T_CURRENT_FILT , Q_M50B0DY_IMU) 

(2)  Snap  the  sensor  measurement  data  as  described  in  section 

4. 2. 2. 2.  For  the  rendezvous  radar  this  includes  the  shaft, 
trunnion,  range  and  range  rate  measurements;  the  range,  range 
rate  and  angle  data  validity  flags;  the  mean  of  50  to  body 
additude  quaternion  at  the  time  of  the  snap;  the  time  tag 
for  the  measurements;  and  finally  a self-test  indicator. 

SNAP  REND_RADAR  (Q  RH  SHFT,  Q RR_TRUN,  Q_RR_RNG, 
Q_RR_RNG_D0T,  RNG_DATA  GOOD, 

RDOT_DATA_GOOD , Rl_ANGUE  DATA_GOOD, 

Q_M50B0DY_RR , T_REND_ RADAR,  SELF_TEST_FLAG ) 

For  startracker,  snap  the  horizontal  and  vertical  measurements; 
angle  data  validity  flag;  the  mean  of  50  to  startracker  trans- 
formation matrix;  the  time  tag  for  the  startracker 
measurements,  and  the  target  tracking  mode  indicator. 

SNAP  STAR  TRACKER  (Q  ST_H0RIZ,  Q ST  VERT, 

st_data_g?5od,  Mjf$ojro_ST,  t_staI_tKacker , 

TRG  TRK  MODE) 
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For  COAS,  snap  the  horizontal  and  vertical  angle  measurements , 
the  data  validity  indicator,  mean  of  50  to  body  transformation 
matrix  at  the  time  of  COAS  data  snap,  the  COAS  identification , 
and  the  COAS  time  tag* 

SNAP  COAS  (Q_C0AS  HORIZ,  COCOAS  VERT, 

COAS  DATA  GOOD,  M~h50  TO  BODY  COAS, 

C0AS~ID,  T_C0AS)  ~ 

2,  Convert  the  mean  of  50  to  body  quaternion  from  the  IMG  into  a mean  of  50 
to  body  transformation  matrix  by  calling  the  quaternion  to  matrix  func- 
tion described  in  section  4.10.8. 

M_BQDYM50  = (qUAT_T0_MAT(  Q_M50BODY_IMU))  T 

3.  Test  the  value  of  the  DOING_REND_NAV  flag  to  determine  if  rendezvous 

phase  is  active.  ” 

a.  If  the  rendezvous  phase  is  active  ( DOING_REND_NAV  * ON),  perform  the 
following  steps; 

(1)  Subtract  any  known  time  bias  from  the  measurement  time  for 
each  sensor. 

T_REND_RADAR  = T REND  RADAR  - T B IAS_REND_RADAR 
T_STAR_TRACKER  = T“STAR“TRACKER-T“BIAS"ST 
T_C0AS~=  T_C0AS-T_BIAS_C0AS 

(2)  Cali  the  onorbit  rendezvous  auto  inflight  updates  subfunction 
to  perform  any  required  ground  updates  to  the  Shuttle  or  tar- 
get state  vectors  as  described  in  section  4.2.3. 1. 

CALL;  0N0RBIT_REND_AUT0_INFLIGHT_UPDATE 

(3)  Call  the  REL_NAV  display  updates  subfunotion  to  perform  any 
required  updates  to  the  state  vectors  or  to  the  covariance 
matrix  as  selected  by  the  crew  as  described  in  section  4. 2. 3*2. 

CALL;  HEL_NAV_DISPLAY_UPDATES 

(4)  Invoke  the  onorbit  rendezvous  state  propagation  function 
described  in  section  4.2.4  to  propagate  the  position  and 
velocity  vectors  to  current  time. 

CALL;  0N0RBIT_REND_R_V_STATE_PR0P 

(5)  Test  the  va.  ie  of  the  NAV_D0_FLTR_SL0W^RATE  switch. 

- If  the  switch  is  on,  set 

N CYCLE  = N CYCLE  SLOW 
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so  that  the  slower  of  the  2 rates  for  processing  the  rendez- 
vous measurements  will  be  used. 

- If  the  switch  is  off,  set 

N_ CYCLE  s N,CYCLE_FAST 
so  that  the  fester  rate  will  be  used. 

(6)  Set  the  positive  feedback  flag  to  inform  the  REL  NAV  display 
which  measurement  processing  rate  is  being  used  in  navigation. 

DOING  FLTR  SLOW  RATE  x 
NAV,  DO.  FLTR,  SLOW,  RATE 

(7)  Increment  the  covariance  matrix  propagation  counter. 

I_ CYCLE  = I,CYCLE*1 

Then  execute  the  covariance  propagation  setup  code, 

EXECUTE:  C0V_ PROP, SETUP  CODE, 

which  consists  of  the  following  tasks: 

- If  IM)  sensed  delta  velocity  was  used  by  the  state  propaga- 
tion subfunction  on  the  present  navigation  cycle  (USEIMU 
DATA  s ON)  then  accumulate  the  delta  velocity  into  the  total 
delta  velocity  for  the  covariance  propagation  interval  and 
set  the  covariance  powered  flight  indicator  to  ON. 

DV_C0V  s DV_  COV  +DV,  FILT 

COV  PWRDFLT  = ON 

- If  the  contact  acceleration  (CONT_ACC)  for  the  Shuttle  is 
greater  than  a design  dependent  threshold  for  measurement 
processing  (CONT_  ACC  MEAS  THRESHOLD)  then  a flag  is  set 
to  indicate  that  measurements  will  not  be  processed  on  the 
current  covariance  propagation  subcycle. 

NOISY, NAV_MEAS  = ON 

(8)  If  the  covariance  matrix  propagation  cycle  counter  is  greater 
than  or  equal  to  the  covariance  propagation  subcycle  count  II 
CYCLE  _ N CYCLE)  then  perform  the  following  tasks: 

- Zero  the  cycle  counter 

I CYCLE  = 0 
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- Call  the  rendezvous  bias  and  covariance  matrix  propagation 

subfunction  described  in  section  4.2.5.  ^ 

CALL:  R£ND_BIAS_AND_COV_PROP 

This  subfunctions  propagates  the  covariance  matrix  and  propa- 
gates the  ECRV  bias  statistics  and  sets  a flag  (NAV_MEAS) 
which  determines  whether  sensor  measurements  will  be  incorpo- 
rated into  the  state  vector  on  the  current  covariance  propa- 
gation cycle.  ^ 

(9)  If  the  unmodeled  acceleration  bias  and  covariance  propagation 
sub-function  has  set  NAV_MEAS  » Ml,  i.e.,  NOISY_NAV_MEAS  = OFF 
and  we  are  on  a oovariance  propagation  cycle,  the  measurements 
shall  be  processed  on  this  cycle  by  performing  the  following 
tasks . 

- Call  the  sensor  measurement  selection  sub function  to  select 
a measurement  set  for  processing  as  described  in  section 
4.2.6. 


CALL:  REND_S0JSOR_SH.ECT 

- Call  the  sensor  measurement  initialization  subfunction  to 
initialize  filter  statistics  and  sensor  bias  states  for 
newly  selected  measurement  types  as  described  in  section 
4.2.7. 

CALL:  REN  D_NA  V_SENSOR_I  N IT 

- Call  tiie  rendezvous  radar  range  and  range  rate  measurement 
subfunction  as  described  in  section  4. 2. 8.1. 

CALL:  RRD0T_NAV 

This  cubfunction  incorporates  the  rendezvous  radar  range  and 
range  rate  measurements  using  the  Kalman  filter  update 
equations.  Increment  the  mark  counter  for  downlist. 

RRDOT_MARK_NUM  = RRDOT_MARK_NUM+ 1 

- If  rendezvous  radar  angles  have  been  selected  for  processing 
(DO  RR_ANGLES_NAV  = ON)  then  call  the  rendezvous  radar 
angles  measurement  subfunction  described  in  section  4. 2. 8. 2. 

CALL:  RR_ANGLE_NAV 

This  subfunction  incorporates  the  rendezvous  radar  shaft  and 
trunnion  measurements  using  the  Kalman  update. 
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Increment  the  mark  counter  for  this  measurement 

RR_ANGLE_MARK_NUM  = RR_ANGLE_MARK_NUM*1 

Otherwise  (D0_RR_  ANGLES_NAV  = OFF) , if  startraoker  angles 
have  been  selected  (DO_ST_ANGLES_NAV  = ON)  then  call  the 
startracker  angles  measurement  subfunction  described  in  sec- 
tion 4. 2. 8. 3. 

CALL : STAR_  TRACKS  R_NAV 

This  subfunction  incorporates  the  horizontal  and  vertical 
startracker  measurements  by  using  the  Kalman  filter  update 
equations . 

Increment  the  mark  counter  for  this  measurement 
ST_MARK_NUM  = ST_MARK_NUM+1 

Otherwise  ( D0_ RR_  ANGLES_ NAV  = OFF  and  DO_ST_ANGLES_ NAV  = 

OFF) , call  the  COAS  angles  measurement  subfunction  described 
in  section  4. 2. 8. 4. 

CALL:  COAS_NAV 

This  subfunction  incorporates  the  horizontal  and  vertical 
COAS  measurements  using  the  Kalman  update  equations. 

Increment  the  mark  counter  for  this  measurement 

COAS_MARK_NUM  = COAS_MARK_NUM+1 

- Call  measurement  processing  statistics  to  calculate  display 
parameters  as  described  in  section  4.2.9. 

CALL:  MEAS_PROCESSING_  STATISTICS_REND 

- Set  the  measurement  processing  indicator  to  OFF 

NAVMEAS  = OFF 

(10)  If  the  covariance  matrix  was  propagated  on  this  navigation 

cycle  (I CYCLE  = 0)  then  call  the  covariance  matrix  parameters 

reset  sub function. 

CALL:  C0V_LAST_  RESET 

(11)  Call  the  target  state  vector  reset  subfunction  to  reset  the 
user  parameter  processing  state  vector  as  described  in  section 
4.1 .2.2.2. 


CALL:  TARGET  RESET 
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(1?)  Call  the  Orbiter  state  vector  reset  subfunotion  to  reset  the  | 

user  parameter  processing  state  vector  as  described  in  section  v 

4. 1.2.1. 


CALL:  SHUTTLE_RESET 

If  the  rendezvous  phase  is  not  aotive  (DOING_REND_NAV  = OFF)  then  the  follow- 
ing steps  shall  be  performed. 

(1)  Repeat  step  (2)  under  Item  a,  i.e.,  call  the  onorbit  rendezvous  auto 
inflight  updates  to  perform  any  required  ground  updates  to  the  Shuttle 
or  target  position  and  veloeity  vectors. 

CALL:  ONORBIT_REND_AUTO_INFLIGHT_UPDATE 

(2)  Invoke  the  onorbit  rendezvous  state  propagation  subfunction  (see  sec- 
tion 4.2.4)  to  propagate  the  Orbiter  position  and  velocity  vectors  to 
current  time. 

CALL:  ONORBIT  JffiND_R_V_STATE_PROP 

(3)  Repeat  step  (12)  under  Item  a,  i.e.,  call  the  Orbiter  State  Vector 
Reset  subfunction  to  reset  the  user  parameter  processing  Orbiter  state 
vector  as  described  in  section  4. 1.2.1. 

CALL:  SHUTTLE_RESET 

Interface  Requirements.  The  inputs  and  outputs  for  this  subfbnction  are 
listed  in  table  4.2.1. 

Processing  Requirements.  This  sub function  is  called  by  ONORBIT  REND  NAV 
&qUEN(£r  ( section  4.1.1). 

Constraints . None 

Supplementary  Information . During  OPS  8 rendezvous  navigation  cannot  be  ac- 
tive, hence  it  is  not  necessary  to  Implement  the  DOING_REND_NAV  = ON 
branch  of  the  logic  for  the  OPS  8 computer  load. 

A suggested  implementation  of  this  subfunction  oan  be  found  in  Appendix  B. 
NAV_ONORBIT  RENDEZVOUS 
SNAP_INPUTS  CODE 
COV  PROP  SETUP  CODE 


I 


! 


I 
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TABLE  4.2.1.-  NAV  ONORBIT  RENDEZVOUS  INPUT/OUTPUT 


! Variable  Name 

I 

I 

! ANGLES  _A  IF 
I 

!COAS_DATA  GOOD 
I 

ICO  AS  ID 
I 

I COAS_MARK_NUM 
I 

!C0NT_ACC 

! 

I 

ICOV_PWHD  FLT 
1 

ICURR  ORB  MASS 
I 

IDO_COVAR  REINIT 
! 

IDO_FLTR  SLOW  RATE 
I 

!DO_ORB  TO_TGT 
! 

IDO  OV  UPLINK 
I 

!DO_TGT_TO  ORB 
I 

!DO_TV  UPLINK 
I 

IDOING_FLTR  SLOW  RATE 
I 

!DO_RR  ANGLES  NAV 
! 

IDO  ST  ANGLES  NAV 
I 

(DOING  REND  NAV 
I 

!DV_COV 

I 

I 

!DV_FILT 

! 

I 

I 


1 Input  Source 

( ( 

1 Output  Destination  ( 
1 1 

I* 

1 1 

( I 

1 Sensor  Data  Snap 

! 1 

!COASJ)AV,»  1 

1 1 

i Sensor  Data  Snap 

! COAS_NAV , • I 

| | 

!•• 

1 1 

|«  | 

1 ONORBIT  REND  R V STATE 
(PROP 

I* 

l» 

1 1 

! 1 

1 1 

1 1 

(REND  BIAS  AND  COV  PROP  1 
1 ” 1 
I 1 

I 1 

1 i 

I* 

1* 

!•,*• 

1 i 

1 I 
! 1 
1 ( 
1 ( 
1 1 
1 1 

It  ft* 

1 t 

I 1 
1 1 
1 ( 
1 1 
(•  1 

IREND_SENSOR_SELECT 

1 1 

1 1 

i • 

1 REND_SENSOR_SELECT 

( 1 

It  •« 

1 t 

I s 

! ! 

!•  ,OOV_LAST_RESET 

I X 

IRBND  BIAS  AND  COV  PROP,  ! 
! • , REND JIAV_INTERP~  ! 

i ” i 

(ONORBIT  REND  R V STATE 
(PROP 

X X 

• ■ 

» X 

1 1 

1 ( 

t ! 

•Onorbit/Rendezvous  principal  function,  see  seotion  4.2 
••Initialization  parameters,  see  section  4.7 
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TABLE  4.2.1.-  NAV_ONORBIT_  RENDEZVOUS  INPUT/OUTPUT  (Continued) 


! 

1 Variable  Name 

! 

1 

I Input  Souroe 

1 

I 

I 

l 

I 

1 

1 

!I  CYCLE 

!*,REND  COV  INIT 

l« 

! 

1 

1 

!M  BQDYM50 

1 

!A< 

! 

1 

I 

IMEAS  ENABLE 

I* 

1 

! 

1 

I 

IMEAS  THRESHOLD 

l» 

I 

I 

1 

1 

!M  160  TO  BODY  COAS 

(Sensor  Data  Snap 

1* 

1 

1 

I 

!M  M50  TO  ST 

(Sensor  Data  Snap 

1* 

! 

1 

I 

I MM  20 2 

I* 

I 

! 

1 

I 

INAV  MEAS 

!••, REND  BIAS  AND  COV  PROP!* 

1 

I 

I 

INAV  ANGLES  AIF 

I 

I* 

1 

I 

I 

INAV  CURR  ORB  MASS 

I 

I* 

Output  Destination 


I 

I 

!NAV_DO_COVAR  REINIT 
t 

!NAV_DO_FLTR  SLOW  RATE 
I 

! NAV_DO_ORB  TO  TGT 
I 

INAV  DO_OV_UPLINK 
! 

! 

!NAV_DO_TGT_TO  ORB 
I 

!NAV_DO_TV_UPLINK 

! 

I 

INAV  m_202 
! 

!NAV_MEAS_ENABLR 

I 

I 

! 


IONORB  IT_REND_AUTO_ 

! INFLIGHT  UPDATE 
! 

!• ,REL  NAV  DI SP LAY_UP DATE ! 
I 

!* 

I 

!»,REL  NAV_DI SPLAY  UPDATE! 
I 

! • , ONORBIT_REND  AUTO_ 

! INFLIGHT  UPDATE 
I 

I • , REL_NAV_DISPLAY  UPDATE! 
! 

I*  ,ONORBIT_REND  AUTO_ 

! INFLIGHTJJPDATE 
! 

! * , REND_SENSOR_SELECT 
! 

! • , REND  SENSOR  SELECT 


•Onorbit/Rendezvous  principal  function,  see  section  4.2 
••initialization  parameters,  see  section  4.7 
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TABLE  4.2.1.-  NAV_ONORBIT_ RENDEZVOUS  INPUT/OUTPUT  (Continued) 


Variable  Name 


I 
I 

I 

I 

! NAV  PWRD_FLT  NAV 
! 

I 

I NAV  RR  ANGLES_ENABLE 
I 

INAV  RANGE  AIP 
I 

!NAV  RDOT  A IF 
I 

!NAV_ST  ENABLE 
I 

!N_CYCLE 

I 

IN  CYCLE  SLOW 
! ~ 

IN  CYCLE  FAST 
I ” 

(NOISY  NAV  MEAS 
I 

IPWRD  FLT  NAV 
i 

IQ  COAS  HORIZ 
!Q~CQAS~  VERT 
if  M50B0DY  IMU 
“M50B0DY” RR 
IQ_RR  RNG 
IQ~RR~RNG  DOT 
!Q__RR~SHFT 
IQ  RR~TRUN 
lfST~ HORIZ 
!Q_ST“  VERT 

! f 

I 

!R  _FILT 

I 

1 

IR  _TV 

r 

1 

1 

1 

1 


Input  Souroe 


Output  Destination 


• 

at 

at 

n 

» 

Sensor  Data  Snap 
Sensor  Data  Snap 
IMU  Data  Snap 
Sensor  Data  Snap 
Sensor  Data  Snap 
Sensor  Data  Snap 
Sensor  Data  Snap 
Sensor  Data  Snap 
Sensor  Data  Snap 
Sensor  Data  Snap 
QUAT_TO_MAT 

• , ONORBIT  REND  R V STATE 
PROP , REND  “NAV  JFiLTER 

**,*, ONORBIT  REND  R V 
STATE  PROP , REND  NAV~  ” 
FILTER 


* , ONORBIT  REND  R V 
STATE_PROP 

• ,REND_SENSOR_S ELECT 

* ,REND_SENSOR_SELECT 
* , RE ND_SENSOR_S ELECT 

• , RE  ND_SENSOR_S  ELECT 


REND  BIAS  AND  COV  PROP 


COAS  NAV,* 

COAS~NAV ,* 

QUAT~TO  MAT,* 

RR  ASGLg  NAV,* 
RRDOT  NAV,* 

RRDOT- NAV,* 

RR  AN&B  NAV,* 

rr~anglb“nav,* 

STAR  TRACKER  NAV,* 
STAR~TRACKER~NAV,« 


•Onorbit /Rendezvous  principal  function,  see  section  4.2 
••Initialization  parameters,  see  section  4.7 
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TABLE  4.2.1.-  NAV_ONORBIT_RBNDBZVOUS  INPOT/OUTPUT  (Continued) 


t 

1 Variable  Name 

! 

1 

1 Input  Souree 

1 

I 

1 Output  Destination 
I 

1 

I ROOT  AIP 
! 

!R  FILT  TLM 
1 

!R  TV  TLM 
! 

1 RANGE  AIF 
! 

1RD0T  DATA  GOOD 

! 

!• 

! 

1 

1 

1 

1 

!* 

1 

(Sensor  Data  Snap 

1 

1 

1 

1 

|l 

I 

J§ 

1 

I 

fl 

1 

IRRDOT  NAV,* 

irng  Data  Sood 

! Sensor  Data  Snap 

IRRDOT"NAV,* 

IRR  ANXE  DATA  GOOD 

(Sensor  Data  Snap 

IRR  ANGLE  NAV,* 

IRR  ANGLE  MARK  NUM 

!*• 

|t 

IRR  ANGLES  ENABLE 

1* 

1 

IRRDOT  MARK  NUM 
! 

(SELF  TEST  FUG 

!•• 

1 

(Sensor  Da*  a Snap 

1* 

1 

IRRDOT  NAV, 

IRR  ANGLE  NAV,* 
1 
1 
| 

1 

1 

1 SENSOR  BIAS 
1 

! SENSOR  BIAS  TLM 

r 

!ST  DATA  GOOD 

( 

1 

(SETUP, REND  NAV  FILTER, •• 
1 
1 
1 

1 Sensor  Data  Snap 

X 

(ft 

1 

1STAR  TRACKER  NAV,* 

1ST  ENABLE 

I* 

1 

1ST  MARK  NUM 
1 

IT  BIAS  COAS 

1 •• 

1 

!M 

1 

1 

IT  BIAS  REND  RADAR 

!•• 

1 

IT  BIAS  ST 

I** 

1 

IT  COAS 

ISensor  Data  Snap 

ICO AS  NAV,* 

IT  CURRENT  FILT 

1IMU  Data  Snap 

I*,0NDRBIT  REND  R V STATE 
1 PROP, ON ORB IT  SV” INTER? , 

1 

1 

1 

1 

IREND  BIAS  AND  00V  PROP, 

1 

1 

IRRDOT  NAVTRR  INGLE  NAV, 

1 

I 

(STAR  TRACKER  NAV, 

1 

1 

IT  LAST  FILT 

1 

1 

IONORBIT  REND  R V STATE 

ICOAS  NAV 
1 
1 

1 

1 

I 

IPROP ,* 
1 
1 

I 

1 

1 

•Onorbit/Rendezvous  principal  function,  see  section  4.2 
••Initialization  parameters,  see  section  4.7 
‘'"Value  returned  from  the  function 


\l 
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TABLE  4.2.1..  NAV_ONORBIT_  RENDEZVOUS  INPUT/OUTPUT  (Concluded) 


Variable  Name 


Input  Souroe 


Output  Destination 


TLM 


!T_LAST_FILT 
I “ 

IT  REND  RADAR 
I " 

ITRO  TRK  MODE 
IT  ST4R_TRACKER 
I “ 

IUNM0D  ACC  BIAS 
I 
l 
1 

IUNMDD  ACC  BIAS  TLM 

r 

(USE  IMU  DATA 

I 

I 

IV  CURRENT  FILT 

I 

I 

IV  FILT 

r ~ 

i 

IV  _TV 

r 

i 

i 

IV  FILT  TLM 
! 

IV  _TV  TLM 

I 

I 

I 

I 

I 

I 

I 

I 


Sensor  Data  Snap 

Sensor  Data  Snap 
Sensor  Data  Snap 

•,U  A BIAS  AND  COVINIT, 
REND  NAV  FILTER, REND 
BIAS"AND"COV  PROP  “ 


ONORBIT  REND  R V STATE 
PROP 

IMU  Data  Snap 


•.ONORBIT  RBND_R  V STATE 

iprop  , rbid“nav_filtbr 

•• , • , ONORBIT  REND  R V 
STATE  PROP, REND  NAV-  “ 
FILTER  “ 


RRDOT  NAV, 

RR  ANGLE  NAV,* 

STAR  TRACKER  NAV , • 
STAR_TRACKER  NAV,* 


ONORBIT  REND  R V STATE 
PROP  ,•  ** 


•Onorb It /Rendezvous  principal  functiwi,  see  section  4.2 
••Initialization  parameters,  see  section  4.7 
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4.2.2  Navigation  Data  Snap 

The  Onorbit/Rendezvous  navigation  prinoipal  function  shall  accomplish  the  task 
of  snapping  navigation  data  to  obtain  Orbiter  IMU-sensed  accumulated  velocities, 
the  current  attitude  quaternic.,  and  sensor  data  from  the  rendezvous  radar,  the 
star  tracker,  and  the  crew  optical  alinement  sight  (COAS) . The  total  accumu- 
lated sensed  velocity  is  required  to  account  for  nongravitional  accelerations 
during  integration  of  Orbiter  equations  of  motion.  The  sensor  data  are  col- 
lected and  stored  for  use  in  navigation  processing  during  the  rendezvous  naviga- 
tion phase . 


4.2.2. 1 IMU  and  Attitude  Data  Snap 

The  I MU  and  attrrle  data  snap  task  will  provide  the  capability  to  obtain 
Orbiter  IMU-sen&cU  aor  mulated  velocities  (expressed  in  M50  coordinates)  and  the 
current  attitude  quaternion,  along  with  their  associated  GMT  time  tag.  These 
data  will  be  obtained  through  IMU  RM/SOP  and  stored  for  use  in  the  navigation 
and  user  parameter  propagation  sub functions . 

A.  Detailed  Requirements.  Data  from  at  least  one  good  IMU  are  required  as 
indicated  in  the  following  example: 

SNAP  ( V _IMJ_SNAP , T_IMU) 

where  V _IMU_SNAP  and  T_IMU  are  respective  copies  of  IMU-sensed  accumulated 
velocities  and  their  associated  time  tag  in  the  user  parameter  state  propaga- 
tion . ! 

If  a consistent  set  of  IMU  and  attitude  data  are  required,  this  is  indicated 
by  the  following  second  example: 

SNAP  (V  _CURRENT_FILT , T_CURRENT_FILT,  Q_M50B0DY_IMU) 

Where  V _CURRENT_F ILT  and  T_CURRENT_F ILT  are  respective  copies  of  IMU-sensed 
accumulated  velocities,  their  associated  time  tag,  and  mean  of  50  to  body 
quaternion  in  the  navigation  control  subfunction. 

B.  Interface  Requirements.  The  parameter  crossreference  table  between  IMU 
RM/SOP  names  and  their  copies  of  Onorbit/Rendezvous  navigation  variables  is 
shown  in  table  4. 2. 2.1. 

C.  Processing  Requirements.  The  data  from  IMU  RM/SOP  (time  tag,  accumulated 

velocities,  and  attitude  quaternions)  must  be  made  available  for  the  collec- 
tion and  storage  process.  The  collection  rate  is  indicated  by  the  onorbit/ 
rendezvous  navigation  sequencer.  However,  this  rate  assumes  that  the  avail-  » 

able  data  are  fresh.  This  implies  that  SOP’s  processing  must  be  at  a rate 

equal  to  or  greater  than  the  collection  rate.  This  data  snap  is  called  by 

NAV  ONORBIT  RENDEZVOUS  (section  4.2.1) 

0N0RBIT_REND  USER_P ARAM_STATE_P ROP  (section  4.5.1) 

0PS_2_0R  8_ INITIALIZE  (section  4.1.2) 
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D.  Constraints.  The  data  collections  should  occur  after  a complete  current  set 
Is  available  arid  Just  prior  to  use  in  navigation  in  order  to  supply  current 
data. 

B.  Supplementary  Information.  The  snap  statement  above  implies  the  assignment 
of  current  I MU  RM/SOP  values  to  the  variable  names  shown  in  parentheses. 

The  suggested  implementation  of  this  subfunotion  is  not  desoribed  in  this 
document  beoause  the  discussion  involves  the  prooessor  level  interfaoe  de- 
sign oonoept,  which  is  beyond  the  scope  of  this  dooument.  However,  extreme 
care  must  be  exercised  to  provide  sequentially  time  homogeneous  data  set  to 
the  appropriate  subfunotions. 
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ONORB IT/REND  NAVIGATION  VARIABLES,  AND  USER 
PARAMETER  PROCESSING  VARIABLES 


1 USER  PARAMETER 

I MU  RM  & I MU  SOP 

1 ONORB  IT /REND  NAV 

1 PROCESSING 

! 

T_IMUS_GA 

! T_CURRENT_FILT 

1 

I T_IMU 

fl 

V _IMU_CURRENT 

! V _CURRENT_FILT 

! V _IMU_SNAP 

| 

3 _BOD_M50 

1 3 _teOBODY_IMU 

1 

! 

! 

! 

H 


orMll) 


4. 2. 2. 2 Rendezvous  Sensor  Data  Snap 

During  the  rendezvous  navigation  phase,  this  subfunotion  oolleots  and  stores 
sensor  data  from  the  rendezvous  radar,  the  star  tracker,  and  the  orew  optical 
alinement  sight  (COAS) . 

The  purpose  of  the  rendezvous  sensor  data  snap  is  to  properly  save  the  data  sets 
used  in  navigation  processing  for  use  in  the  appropriate  rendezvous  sensor  navi- 
gation subfunction  (section  4.2.8)  whereas  the  actual  data  may  oontinue  to 
be  refreshed  by  hardware  sensor  reading  and  sensor  SOP  processing. 

A.  Detailed  Requirements.-  During  the  rendezvous  navigation  phase,  data  from 
the  external  sensors,  together  with  the  corresponding  data  good  flags, 
associated  time  tags,  and  the  appropriate  attitude  information  valid  at 
those  times  shall  be  obtained.  A premission- loaded  time  bias  shall  then  be 
subtracted  from  the  time  tag  for  each  sensor.  The  equations  are: 

1.  For  the  rendezvous  radar: 

SNAP  REND  RADAR  (Q_RR  SHU,  _Q_RR_TRUN,  q_RR  RNG,  q_RR  RNG_DOT, 
RNGJQATA  GOOD,  RDOT_DATA  GOOD,  RR~ ANGLE  DATA” GOOD,  Q J60BODY_RR , 
T_REND_RADAR,  SELF_TEST_FLAG) 

where  Q_RR_SHFT  is  the  shaft  angle  measurement 

Q_RR_TRUN  is  the  trunnion  angle  measurement 

RR_ANGLE_DATA_GOOD  is  the  validity  flag  of  the  above  measurements 

Q_RR_RNG  is  the  radar  range  measurement 

RNG_DATA_GOOD  is  the  respective  data  good  flag 

Q_RR_RNG_DOT  is  the  radar  range  rate  reading 

RDOT_DATA_GOOD  is  the  respective  validity  indicator 

I 

T_REND_RADAR  is  the  time  at  which  these  measurements  are 
considered  to  have  been  effected 

Q_ff>0BODY_RR  is  the  gimbal  angle  quaternion  array 

SELF_TEST_FLAG  is  the  flag  indicating  whether  the  rendezvous  radar 
is  operating  in  the  self-test  mode 

T_REND_RADAR  = T_REND_RADAR  - T_BIAS_REND_RADAR 

2.  For  the  star  tracker, 

SNAP  STAR_TR ACKER  (Q  ST_H0RIZ,  Q ST_VERT,  ST  DATA_GOOD, 
M_M50_TO_ST,  T_STAR_TRACKER,  TRG~TRK_MODE) 


i 
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where: 


Q_ST_HORIZ  is  the  horizontal  angle  measurement 

Q_ST_VERT  is  the  vertioal  angle  measurement 

ST_DATA_GOOD  is  the  data  good  flag  relative  to  these  angle 
measurements 

MJ60_TO_ST  is  the  M50-to-star  tracker  sensor  ooordlnate  system 
rotation  matrix  at  the  time  T_STAR_TRACKER 

T_STAR_TRACKER  is  the  time  tag 

TRG_TRK_MODE  Is  the  flag  indioating  whether  the  star  traoker 
is  in  the  target  tracking  mode 

T_STAR_TRACKER  = T_STAR_TRACKER  - T_BIAS_ST 

3.  For  the  COAS  , 

SNAP  00 AS  (Q  COAS  HORIZ,  Q COAS  VERT,  COAS  DATA  GOOD, 
M_fCO_TO_BODY_COAS , CDASJD , T_C0AS) 


where: 


Q_COAS_HORIZ  is  the  horizontal  angle  measurement  . 

Q_COAS_VERT  is  the  vertical  angle  measurement 

COAS_DATA_GOOD  is  the  data  good  flag  relative  to  these  angle 
measurements 

00AS_ID  is  the  COAS  select  indicator 
T_C0AS  is  the  time  of  the  measurement 

M_F50_T0_B0DY_COAS  is  the  M50-to-C0AS  sensor  coordinate  system 
transformation  matrix  at  the  time  T_C0AS 

T_C0AS  = T_C0AS  - T_BIAS_COAS 

B.  Interface  Requirements.-  The  parameter  name  cross  reference  between  ren- 

dezvous radar  SOP  and  Onorbit/Rendezvous  Navigation  variables  is  shown  in 
table  4. 2. 2. 2-1.  The  cross  reference  table  between  star  traoker  SOP  and 
Onorbit/Rendezvous  Navigation  variables  is  given  in  table  4. 2. 2. 2-2.  i 

:V 

C.  Processing  Requirements.-  The  data  from  the  sensors  (measurements,  ID's, 
validity  flags,  rotation  matrices,  and  time  tags)  must  be  made  available  for 
the  collection  and  storage  process.  The  collection  rate  (not  necessarily 
sensor  interrogations)  is  indicated  by  the  Onorbit/Rendezvous  Navigation 
Sequencer.  However,  this  rate  assumes  that  the  available  data  are  fresh. 
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This  implies  that  SOP's  processing  must  be  at  a rate  equal  to  or  greater 
than  the  oolleotion  rate.  This  data  is  oalled  by  NAV_ONORBIT_RENDEZVOUS 
(seotion  *1.2.1).  ”*  ” 

D.  Constraints .-  The  data  collections  should  ooour  after  a oomplete  current 
set  is  available  and  Just  prior  to  use  in  navigation  in  order  to  supply  cur- 
rent data. 

E.  Supplementary  Information.-  The  snap  statement  above  implies  the  assignment 
of  current  SOP  values  to  the  variable  names  shown  in  parentheses.  The 
suggested  implementation  of  this  subfunotion  is  not  described  in  this  docu- 
ment because  the  disaussion  involves  the  processor  level  interface  design 
concept  Which  is  beyond  the  soope  of  this  document.  However,  extreme 

oare  must  be  exercised  to  provide  sequentially  time  homogeneous  data  sets 
to  the  appropriate  subfunctions. 
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TABLE  4.2. 2. 2-1.-  PARAMETER  CROSS  REFERENCE  TABLE  BETWEEN 
RR  SOP  AND  ONORBIT/REND  NAV  VARIABLES 


RR  SOP 

ONORBIT/REND  NAV 

RR_  HOLLO 

QRRSHFT 

RR_PITCHO 

q_RR_TRON 

RRJRANQEO 

QRRRNG 

RR_RNGRO 

q_RR_RNG_DOT 

RR_RNG_DG 

RNG_DATA_GOOD 

RR<_RNGR_DG 

RDOT_DATA_GOOD 

RR_ANG_DG 

RR_ANGLE_DATA_GOOD 

Q_M50BODY_RR 

QJ60BQDY_RR 

RR_TIM 

T_REND_RADAR 

RR_SELF_TEST 

SELF_TEST_FLAG 

i ?rniU 


TABLE  A. 2. 2. 2-2.-  PARAMETER  NAME  CROSS  REFERENCE  TABLE  BETWEEN 
STAR  TRACK  SOP  AND  ONORBIT/REND  NAV  VARIABLES 


STAR  TRCK  SOP 

ONORBIT/REND  NAV 

H_NAV 

QSTjJORIZ 

V_NAV 

C_ST_VERT 

DATAJQOOD 

ST_DATA_OOOD 

TJ60J5T 

M_M50_T0_ST 

TIME 

T_STAR_TRACKER 

NAV_TANUET 

TRU_TRK_MODE 

COAS_HORIZ 

Q_COAS_HORIZ 

COAS_VKMT 

Q_COAS_VERT 

NAV_SIGHT 

COAS_DATA_GOOD 

T_M50_tJODi 

M_M5  0_TU_  BODY_COAS 

AXN 

COAS_ID 

T 1 Alt  LUCS 

T CUAS 
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4.2.3  State  and  Covariance  Matrix  Updates 

The  Onorb it /Rendezvous  Navigation  prinolpal  function  shall  provide  for  the  capa- 
bility to  perform  automatic  inflight  updates  of  the  Orbiter  and/or  target  posi- 
tion and  velocities,  crew  requested  oovarianoe  matrix  reinitialization,  and  orew 
requested  state  vector  transfers.  The  capability  to  perform  the  position- 
velocity  update  of  either  the  Orbiter  or  target  will  be  handled  by  the  automatic 
inflight  updates  subfunotion  while  the  capability  to  handle  crew  requests  for 
state  vector  transfers  and  oovarianoe  matrix  reinitialization  will  be  done  by 
the  REL  NAV  display  updates  subfunotion. 


4.2.3. 1 Auto  Inflight  Updates  ( ONORBIT_REND_AUTO_INFLIGHT  UPDATE) 

The  automatic  inflight  updates  subfunction  shall  determine  tdten  an  update  to  the 
shuttle  or  target  state  vector  is  required  by  the  ground  and  then  schedule  the 
state  vector  prediction  task  to  predict  the  uplinked  state  vectors  to  the  time 
tag  T RESET,  established  by  the  Orbiter  state  vector  reset  subfunction  (see  sec- 
tion 1*.  1.2.1).  If  a state  vector  update  has  occurred  during  rendezvous  naviga- 
tion phase,  the  covariance  matrix  shall  be  reinitialized. 

A.  Detailed  Requirements. 

1.  First,  a local  flag  SV_UPDATE,  which  indicates  whether  a state  vector 
update  has  occurred,  is  set  to  OFF. 

2.  If  the  ground  has  indicated  that  the  Orbiter  vector  is  uplinked  (NAV_D0_ 
0V_UPLINK  * ON)  then  the  following  tasks  will  be  performed  in  the 

order  indicated. 

a.  The  prediction  task  indicator  flag,  PRED_USE,  is  interrogated  for  a 
zero  value  to  determine  if  the  state  vector  prediction  task  is  avail- 
able for  scheduling.  If  the  state  vector  prediction  task  is  avail- 
able then  the  following  tasks  are  performed. 

(1)  The  following  parameters  are  defined  preceding  the  scheduling  of 
the  state  vector  prediction  task: 

PRED  USE  s 1 

OV  PREDICT  FAIL  = OFF 

PRfD_  ORB_MASS  = NAV_CURR_ORB_MASS 

PRED_ORB  AREA  = REF  ORB_AREA 

PRED  ORB~CD  = REF_ORB  CD 

GMDP~=  GM  DEG 

GMOP  s GM  ORD 

CMP  = DFL~ 

VMP  = VFLOV  PRED 
ATMP  s 1 

PRED  STEP  s PREC_STEP_PRED 
R PRED  INIT  = R GND 
V ~PRED~INIT  : V GND 
T PRED  INIT  « TOW 
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(2)  Next,  the  state  veotor  pred lotion  task  Is  scheduled. 

SCHEDULE:  STATE_VBCTOR_PREDICT_TASK 

b.  If  the  PRED_USE  flag  is  nonzero,  it  is  tested  for  a value  of  3 whioh 
Indicates  that  the  state  vector  prediction  task  has  determined  that 
the  prediction  interval  is  too  large;  henoe  no  prediction  will  take 
place.  If  PREDJJSE  = 3 then  the  following  flags  are  set. 

PRED_USE  s 0,  indicating  the  state  veotor  prediction 
~ task  is  available. 

D0_0V_UPLINK  ■ OFF 

OV_PREDICT_FAIL  « ON,  indicating  that  no  prediction 

will  take  place  for  the  Orbiter 
state  vectors. 

c.  If  the  PRED_USE  flag  is  not  set  to  3 then  it  is  tested  for  a value 
of  2 Which  indicates  that  the  state  vector  prediction  task  has  suc- 
cessfully predicted  the  Orbiter  state  veotor.  If  PRED_USE  = 2 then 
the  following  actions  are  taken. 

PRED_USE  s 0,  indicating  that  the  state  vector 
prediction  task  is  available. 

T_LAST_FILT  = T_PRED_FINAL  predicted  Orbiter 

R FILT  s R _PRED  FINAL  vectors  and  time  tag 

V “FILT  = V _PRED~FINAL  are  stored. 

SVJUPDATE  s ON,  indicating  that  an  inflight  update  has 
taken  place. 

T_ORB_STATE_U  PD  A TE 

= T_LAST_FILT,  the  time  tag  of  the  inflight  update 
is  saved  for  downlist. 

D0_0V_UPLINK  = OFF 

3.  If  the  ground  has  indicated  that  the  target  vector  is  uplinked  (NAV_D0_ 
TVJJPLINK  * ON)  then  the  DOING_REND_NAV  flag  and  the  PRED_USE  flags 
are  interrogated  to  determine  if  the  uplinked  target  state  vectors 
are  to  be  stored  or  if  the  target  state  prediction  logic  should  be 
exercised. 

a.  If  rendezvous  navigation  is  active,  DOING_REND_NAV  = ON,  or  the  tar- 
get state  prediction  logic  is  in  progress?  PRED_USE  > 7,  then  the 
PRED_USE  flag  is  tested  to  determine  the  appropriate  action  to 
follow. 

(1)  If  PRED_USE  s 0,  target  prediction  is  to  be  scheduled.  The  fol- 
lowing actions  are  taken: 

- The  prediction  parameters  are  initialized. 

PRED  USE  = 7 

TV_ PREDICT  FAIL  = CFF 

GMDP  = GM  DEG 
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GMOP  a CM  ORD 
CMP  a DFL~ 

VHP  a VPLTV  PRED 

ATMP  a ATFL~TV 

PRED  STEP  e"PREC  STEP  PRED 

R PRED  IN IT  a r“  TV  GND 

V “PRED~INIT  a V “TV  QND 

tJPredjnit  a t“tV_gHd 

- The  state  vector  prediotion  task  is  soheduled. 

SCHEDULE:  STATE_VECTOR_PREDI CT_TASK 

(2)  If  the  PREDJJSE  flag  is  equal  to  9,  the  state  vector  prediotion 
task  has  determined  that  the  prediotion  interval  is  too  large; 
hence  no  prediotion  will  take  place.  The  following  flags  are 
set. 


PRED_USE  s 0,  indicating  the  state  vector  prediction 
task  is  available. 

DOJTVJJPLINK  a OFF 

TV_PREDICT_FAIL  a ON,  indicating  that  no  prediction 
“ “ will  take  place  for  the  target 

state  vectors. 

(3)  If  the  PRED_USE  flag  is  equal  to  8,  the  state  vector  prediction 
task  has  successfully  predicted  the  target  state  vectors.  The 
following  actions  are  taken. 

PRED_USE  a 0,  indicating  that  the  state  vector 
prediction  task  is  available. 

T_TV  a T_PRED_FINAL  predicted  target  vectors  and 
R TV  a R PRED  FINAL  time  tag  are  stored, 
v “tv  a v “pred“final 

SV_UPDATE  a ON, “indicating  that  an  inflight  update 
has  taken  place. 

T_TV  STATE_UPDATE 

=“TjV,  the  time  tag  of  the  inflight  update  is 
saved  for  downllat. 

DOJTVJJPLINK  a OFF 

If  rendezvous  navigation  phase  is  not  active,  D0IN0_REND_NAV  a OFF, 
and  the  target  state  prediction  task  is  not  in  progress  for  an 
inflight  update , PREDJJSE  < 7,  then  the  uplinked  state  vector  and 
associated  time  tag  are  stored,  the  time  of  the  uplink  is  stored, 
and  the  DOJTVJJPLINK  flag  is  turned  OFF. 

T TV  a T TV  GND 
R TV  a R TV  GND 
V “TV  a V_TV  GND 
T TV  STATE  UPDATE  a T TV 
DO  TV  UPLINK  a OFF 
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4.  Finally,  the  covariance  initialization  eubfunotion  is  invoiced  if 
the  SV_  UPDATE  flag  is  ON  and  DOING_REND_NAV  * ON,  indicating  that 
the  rendezvous  navigation  phase  is  aotive. 

CALL:  REND_COV_INIT 

B.  Interface  Requirements . The  inputs  and  outputs  for  this  subfunction  are 
given  in  table  4. 2. 3.1 . 

C.  Processing  Requirements.  This  subfunotion  is  oalled  by 

NAV_ONORBIT_RENDBZVOOS  (section  4.2.1) 

D.  Constraints . None 

E.  Supplementary  Information.  A suggested  implementation  of  this  subfunotion 
Is  given  in  Appendix  B. 

ONORBIT  REND  AUTO  INFLIGHT  UPDATE 
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TABLE  4. 2. 3.1..  GNORB IT_ RBND^AUTQI NFL I GHT_UPDATE  INPUT/OUTPUT 


Variable  Name 


Input  Souroe 


Output  Deatlnatlon 


1ATFL  TV 

1 •• 

! 

1 

IATMP 

1 

1 

1 

IDFL 

1 as 

! 

1 

IDMP 

| 

1 

t 

IDO  OV  UPLINK 

I 

1 

1 

1 

IDO  TV  UPLINK 

1 

I 

! 

I DOING  REND  NAV 

! 

1 

IGM  DEG 

1 »• 

1 

1 

IGHDP 

1 

1 

1 

IGMOP 

1 

1 

1 

1(21  ORD 

!•* 

1 

1 

INAV  CURR  ORB  HASS 

INAV 

1 

1 

INAV  DO  OV  UPLINK 

INAV 

1 

1 

1 NAV _DO_TV_UPLINK 
1 ~ 

!NAV_ 

I ~~ 

IOV_PREDICT_FAIL 

1 

I 

IPRED  ORB  AREA 

I 

! 

1 

i 

IPRED  ORB  CD 

i 

1 

i 

IPRED  ORB  MASS 

i 

! 

i 

IPRED  STff 

i 

1 

i 

IPRED  USE 

!•," 

1 

IPRED 

1 

1 

1 

1 

.STATE  VECTOR 
PREDICT~TASK 


•Onorbit/Rendezvous  principal  function,  see  section  4.2 
••Initialization  parameters,  see  section  4.7 
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TABLE  4.2.3. 1.-  ONORB  IT_REND_  AUTO_ I NFLI QHT_UPDATE  INPUT /OUTPUT.-  Continued 


Variable  Nairn 


I 
I 

! 

I 

IPREC  STEP  PRED 
! 

I REP  ORB  AREA 
! “ ~ 

IPREC  STEP_PRED 
I 

!REF_ORB_AREA 

I 

IREF  ORB  CD 
I 

I R _FILT 
! 

I 

I 

! 

! 

!R  GND 
I 

IR  PRED  FINAL 
! “ 

IR  PRED  INIT 
I 

IR  _TV 

I 

I 

I 

I 

I 

IR  _TV  GND 
I 

IT  GND 
I 

IT_ORB  STATE  UPDATE 
I 

IT_LAST_FILT 

I 

I 

I 

IT  PRED_FINAL 

I 

I 


Input  Source 


Output  Deatination 


•i 


REL  NAV  DISPLAY_UP DATES, 
REND  COV  INIT, 

ONORBIT  REND  R V STATE 
PROP, 

COV  LAST  RESET 


REL  NAV_DISP LA Y_UP DATES , 
REND  COV  INIT, 
ONORBIT_REND_R  V STATE 
PROP, 

COV  LAST  RESET 


ONORBIT_REND_R_V  STATE 
PROP, 

REND  COV  INIT 


STATE  VECTOR  PREDICT  TASK 


*Onorbit/Rendezvous  principal  function,  see  section  4.2 
MInitialization  parameters,  see  section  4.7 


V 
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TABLE  4.2. 3.1.-  ONORBIT_REND_AUTO_INFLICHT_UPDATE  INPUT /OUTPUT.-  Concluded 


1 

1 Variable  Name 

1 

1 

1 

1 

Input  Souroe 

t 

1 Output  Destination 
1 

! 

1 

1 

IT  PRED  I NIT 

1 

!•, STATE  VECTOR  PREDICT 

1 

1 

ITASK 

1 

1 

1 

IT  TV 

1 

1* ,REND  COV  INIT 

1 

1 

l 

IT  TV  GND 

|* 

I 

1 “ 

1 

1 

IT  TV  STATE  UPDATE 

1 

!* 

1 

1 

1 

ITV  PREDICT  FAIL 

1 

I* 

1 

l 

IV  FILT 

1 

IREL  NAV  DISPLAY  UPDATES 

1 

1 

(REND  COV  INIT, 

! 

I 

IONORBIT  REND  R V STATE 

1 

IPROP, 

1 

I 

ICOV  LAST  RESET 

1 

1 

I 

JVFLOV  PRED 

l«« 

1 

! 

1 

1 

IVFLTV  PRED 

(•• 

1 

1 

I 

1 

IV  GND 

|« 

I 

1 

1 

l 

IVMP 

1 

!• 

! 

1 

1 

IV  PRED  FINAL 

I* 

I 

1 

1 

I 

IV  PRED  INIT 

1 

!• 

1 

1 

1 

IV  TV 

1 

IREL  NAV  DISPLAY  UPDATES 

1 

1 

IREND  COV  INIT,  " 

1 

1 

IONORBIT  REND  R V STATE 

1 

I 

IPROP, 

I 

1 

ICOV  LAST  RESET 

1 

1 

1 

IV  TV  GND 

l« 

1 

1 

1 

1 

1 

1 

I 

1 

1 

I 

1 

1 

1 

•Onorbit/Rendezvous  principal  function,  see  section  4.2 
••initialization  parameters,  see  section  4.7 
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4. 2. 3. 1.1  State  vector  prediction  task  ( STATE,  VECTOR  JP  RBDICT-.TASK) .-  It 
is  a requirement  that  the  execution  of  either  the  Onorb it /Rendezvous  Sequencer 
or  the  Onorbit /Rendezvous  Navigation  prinoipal  funotion  has  priority  over 
the  exeoution  of  the  Onorbit  Precision  State  Prediction  prinoipal  function. 

The  purpose  of  the  state  vector  prediction  task  is  to  provide  logic,  to  be 
exeouted  at  the  same  priority  as  the  predictor,  which  will  allow  the  navigation 
and  sequencer  principal  functions  to  execute  in  a nominal  manner  despite 
delays  in  the  predictor  due  to  its  low  oriority  exeoution. 

This  task  shall  be  scheduled  by  the  Rendezvous  Navigation  Initialization 
sub function  and  the  Auto  Inflight  Updates  subfunation  to  provide  for  the 
prediction  of  either  the  Orbiter  and/or  target  state  vectors  to  the  time  tag 
specified  by  the  Orbiter  State  Vector  Reset  subfunotion.  The  state  vector 
prediction  task  shall  also  test  the  prediction  interval  size  against  a gross 
reasonability  design  dependent  threshold  to  prevent  the  Onorbit  Preoision  State 
Prediction  principal  function  from  predicting  over  inordinately  large  time 
intervals.  The  state  vector  prediction  task  shall  also  set  the  value  of  the 
PRED_USE  flag  which  indicates  the  status  of  prediction  to  the  scheduling 
subfunotion.  The  PREDJUSE  flag  has  the  following  values. 

Value  of  PREP  USE  Definition 

0 Prediction  task  is  available  for  scheduling 

1 Prediction  task  scheduled  for  Orbiter  inflight  update 

2 Prediction  task  completed  for  Orbiter  inflight  update 

3 Prediction  task  failed  for  Orbiter  inflight  update 

4 Prediction  task  scheduled  for  rendezvous  navigation 
initialize 

5 Prediction  task  completed  for  rendezvous  navigation 
initialize 

6 Prediction  task  failed  for  rendezvous  navigation 
initialize 

7 Prediction  task  scheduled  for  target  inflight  update 

8 Prediction  task  completed  for  target  inflight  update 

9 Prediction  task  failed  for  target  inflight  update 

The  scheduling  subfunction  will  set  PRED_USE  to  the  values  of  0,  1,  4,  or  7.  All 
other  values  are  set  by  the  prediction  task. 

A . Detailed  Requirements. 

1.  A local  flag,  PRED_TASK_COMPLETE,  which  signals  when  the  prediction  task 
is  completed,  is  Initialized  to  OFF  upon  entering  the  state  vector 
prediction  task. 

P RED_TASK_CCMP  LETE  = OFF 

2.  Next,  the  absolute  value  of  the  difference  between  the  initial 
prediction  time  tag,  T_PREDICT  INIT,  and  the  time  tag  T_RESET  is  tested 
against  a gross  reasonability  Tdesign  dependent)  threshold  in  order  to 
prevent  the  Onorbit  Precision  State  Prediction  principal  function  from 
predicting  over  excessively  large  time  intervals. 
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It_PBED_IHIT  - T_ RESET  I > MAXjriPE_TOL 

a.  If  the  tlae  threshold  is  exceeded  then  the  flag  PREDJJSE  la 

Incremented  by  2 in  order  to  communioate  to  the  invoking  subfunction 
that  the  prediction  task  has  failed. 

PR£D_USE  = PRED_USE  ♦ 2 


b.  If  the  maximum  time  tolerance  MAX_TIME_TOL  is  not  exceeded,  then  the 
following  logic  (steps  (1),  (2),  73) , and  (4))  is  exeouted  in  a 
cyclic  fashion  until  the  PREWCT_TASK_COMPLETE  flag  is  turned  ON. 

D*  UNTIL 

PREDICT_TASK_COMPLETE  = ON 

(1)  First,  the  time  tag  for  the  final  predicted  state  vectors  is 
set  to  the  current  value  of  T_RESET  as  defined  by  the 
navigation  task. 

T PRED  FINAL  = T RESET 


(2)  Next,  the  Onorbit  Precision  State  Prediction  principal  Amotion 
is  invoked . 


CALL:  CNORBIT  PREDICT 


(3) 


! 


The  predicted  state  vectors  and  time  tag  are  saved  for  the  next 
state  vector  prediction  task  cycle. 


R _PRED  INIT  s R _PRED_FINAL 
V PRED~INIT  = V PRED  FINAL 
T PRED  INIT  = T PRED  FINAL 


(4)  Using  NAV's  current  value  for  T_RESET,  the  prediction  interval 
magnitude  is  tested  against  a hard  coded  time  tolerance  SV_TIME 
TAG_DIFF  to  determine  if  the  predicted  vectors  are  dose  to  the 
time  tag  T_RESET . 

It_pred_init  - t_resetI  c SV_TIME_TAG_DIFF 


(It  should  be  noted  that  any  value  for  SV_TIME_TAG_DIFF  which 
is  smaller  than  the  length  of  a single  navigation  cycle  will 
cause  the  predictor  task  to  predict  to  current  time  (T_RESET).) 

If  the  predicted  state  vector  time  tag  is  close  to  the  current  reset 
time  tag  (i.e.,  less  than  ex'  equal  to  SV_TIME_TAG_DIFF) , then  the 
prediction  complete  flag  is  set  to  ON  and  the  PRED_USE  flag  is 
incremented  by  one  to  indicate  to  the  proper  navigation  subfunction 
that  the  prediction  task  is  completed  and  predicted  state  vectors 
are  available. 


1 * 

* / 


* J 


-I. 

f ■ 
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PRED_TASK_COMPLETB  a ON 
PRED— USE  s PRED_USE  + 1 

Steps  (1),  (2),  (3),  and  (4)  are  repeated  until  P RBD_T ASK_COMP LETE 
is  ON  as  specified  in  step  b. 

B.  Interface  Requirements.  Input  and  output  parameters  for  the  state  vector 
prediction  task  are  specified  in  table  4. 2. 3. 1.1.  Since  the  STATE_VECTOR_ 
PRKDICT_TASK  (SVPT)  executes  in  parallel  to  the  navigation  task,  the  value 
of  T__RESET  can  update  in  NAV  while  the  SVPT  is  in  process.  The  SVPT  makes  oy 
die  use  of  T_RESET  in  two  plaoes  in  its  logic  and  should  be  provided  NAV's 
current  value  of  T_RESKT  each  time  it  uses  the  parameter. 

C.  Processing  Requirements.  The  following  subfunctions  schedule  the  state 
vector  prediction  task. 

Rendezvous  Navigation  Initialization 
(REND_NAV_INIT,  Section  4. 1.2.2) 

Auto  Inflight  Updates 

(ONORBIT_REND_AUTO_INFLIGHT_UPDATE , Section  4.2. 3-D 

D.  Constraints.  The  STATE_VECTUR_PHb;DlCT_ TASK  is  one  of  several  users  of  the 
onorbit  predictor.  Since  the  same  compool  locations  are  used  by  all  users 
of  this  principal  function  for  setup  and  output  and  since  the  use  of  the 
predictor  by  the  STATE_VECTOR_PREDICT_TASK  may  be  interrupted  by  other 
users,  it  is  required  that  its  predictor  parameters  be  protected  from  altera 
tion  by  other  users  during  execution  of  this  principal  function. 

E.  Supplemental  Information.  A suggested  implementation  of  the  state  vector 
prediction  task  may  be  found  in  the  Appendix  B flowchart  STATE  VECTOR_PHE- 
D1CT  TASK . 
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TABLE  4. 2. 3. 1.1.-  STATE  VECTOR_PREDICT  TASK  INPUT/OUTPUT 


Variable  Name 


Input  Source 


Output  Destination 


MAXJTIMEjrOL 

PREDJUSE 

R_PRED_INIT 
R_PRED_FINAL 
SV  _TI ME_TAG_DIFF 
T_PRED_INIT 

T_PRED_FINAL 

T_RESET 

V_PRED_INIT 
V PRED  FINAL 


•• 


ONORBIT  REND  AUTO 
INFLIGHT  UPDATE,  " 
REND  NAV~INIT 


« IH 

» 


•« 


ONORBIT  REND  AUTO 
INFLIGHT  UPDATE,  “ 
REND  NAV~INIT 


SHUTTLE  RESET, 

» »•»  ~ 

» 


• ««• 

i 


ONORBIT  REND  AUTO_ 
INFLIGHTJJPDATE,  ” 
REND_NAV_INIT ,•,••• 


• f «• 


*,*•», RE ND_NAV  INIT, 
ONORBIT_REND  AUTO 
INFLIGHT  UPDATE 


« ««• 

i 


*Onor bit /Rendezvous  principal  function,  see  section  4.2 
••Initialization  parameters,  see  section  4.7 

•••Onorbit/Rendezvous  Navigation  Sequencer  Principal  Function,  see  section  4.1 
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4.2. 3.2  RELJiAV  Display  Updates  ( REL_NAV_DISPLAY_UPDATES ) 

This  subfunotion  is  required  to  respond  to  orew  request,  made  via  item  entries 
on  the  REL_NAV  display,  to  reinitialize  the  oovariance  matrix  or  to  perform  a 
state  vector  transfer  from  the  Orbiter  state  vector  to  the  target  state  veotor, 
or  vice  versa.  This  subfunction  is  exercised  on  each  state  vector  propagation 
cycle  by  the  NAV  control  logic. 

A.  Detailed  Requirements.  The  following  steps  shall  be  performed  (in  the  order 
indicated)  in  response  to  crew  request  while  rendezvous  navigation  is  ac- 
tive: 

1.  Turn  off  the  positive  feedback  flags  to  the  REL_NAV  display. 

DID_COVAR_REINIT  = OFF 
DID_ORB_TO_TGT  = OFF 
DID_TGT_TO_ORB  = OFF 

2.  Test  the  MAV_DO_COVAR_REINIT  flag  to  determine  if  the  crew  has  requested 
that  the  covariance  matrix  be  reinitialized.  If  NAV_D0  COVAR_REINIT  = ON, 
perform  the  following  steps: 

a.  Call  the  covariance  matrix  initialization  subfunction  to  reinitialize 
the  covariance  matrix,  to  zero  the  unmodeled  acceleration  states, 
and  compute  the  total  filter  vehicle  acceleration  vector  (see 
section  4. 1.2. 2.1): 

CALL : REND_COV_INIT 

b.  Reset  the  covariance  matrix  initialization  indicator  flag  and  the 
positive  feedback  flag  (to  the  REL_NAV  display)  as  follows: 

DO_COVAR_RE INIT  = OFF 

DID_COVAR_REINIT  = ON 

3-  Test  the  NAV_D0_0RB_T0_TGT  flag  to  determine  if  the  crew  has  requested 
a state  vector  transfer  (Orbiter  to  target). 

a.  If  NAV_DO_ORB_TO_TGT  = ON,  the  following  steps  are  taken: 

(1)  The  target  state  vectors  are  set  equal  to  the  Orbiter  state 
vectors: 

R _TV  = R _FILT 

V TV  = V FILT 
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(2)  The  oo variance  matrix  initialization  aubfunotion  is  called  to 
reinitialize  the  oovarianoe  matrix,  to  zero  the  unmodeled  accel- 
eration states,  and  compute  the  total  filter  vehicle  accelera- 
tion vector  (see  seotion  4. 1.2. 2.1): 

CALL:  HE  ND_  COV_I NIT 

(3)  The  flags  indicating  the  Orbiter-to-target  state  veotor  transfer 
and  the  positive  feedback  (to  the  REL_NAV  display)  shall  be  set: 

DO_ORB_TO_TGT  = OFF 

DID_OHB_TO_TGT  * ON 

b.  If  the  NAV_DO_ORB_TO_TGT  flag  is  off,  test  the  NAV_DO_TGT_TO_ORB 
flag  to  determine  if  the  crew  has  requested  a state  vector  transfer 
(target  to  Orbiter).  If  NAV_DO_TGT_TO_ORB  = ON,  the  following  steps 
are  taken: 

(1)  The  Orbiter  state  vector  shall  be  set  equal  to  the  target  state 
vector: 

R _FILT  = R _TV 

V _FILT  = V _TV 

(2)  The  covariance  matrix  initialization  subfunction  is  called  to 
reinitialize  the  covariance  matrix,  to  zero  the  unmodeled  accel- 
eration state,  and  compute  the  total  filter  vehicle  acceleration 
vector  (see  section  4. 1.2. 2.1): 

CALL:  REND_COV_INIT 

(3)  The  flags  indicating  target -to-Orbi ter  state  vector  transfer  and 
the  positive  feedback  (to  the  REL_NAV  display)  shall  be  set: 

DO_TGT_TO_ORB  = OFF 

DID_TGT_TO_ORB  = ON 

B.  Interface  Requirements.  Input  and  output  parameters  are  listed  in  table 
i*  .2.3*2. 


C.  Processing  Requirements.  This  subfunction  is  called  by 

NAV_ONOHB IT_RENDEZV OUS  ( section  4.2.1) 

D.  Constraints.  Covariance  matrix  reinitialization  as  well  as  the  state  vector 
transfer  oust  be  activated  via  crew  input  to  the  REL_NAV  display  and  only 
while  the  Rendezvous  Navigation  principal  function  is  active. 
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Supplementary  Information.  A suggested  implementation  in  the  form  of  a 
detailed  flowchart  can  be  found  in  Appendix  B under  the  name: 


REL  NAV  DISPLAY  UPDATES 
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TABLE  U.2.3.2.-  REL_NAV_DISP  LA  Y_UP  DATES  IHPUT/OUTPUT 


Variable  None 

DID_COVAR_REINIT 

DID_ORB_TO_TQT 

DID_TGT_I'0_0RB 

NAV_  DO_COV  AR_RE IN  IT 

NAVJX)_ORB_Tq_TOT 

NAV_DO_TGT_TO_ORB 

R FILT 


R TV 


V FILT 


V TV 


1 

! Input  Source 

J 

I 

I 

I 

I 

I 

! 

1 

INAV  ONORBIT  RENDEZVOUS 
! 

INAV  ONORBIT_RENDEZVOUS 
I 

INAV  ONORBIT  RENDEZVOUS 
I 

10N0RBIT_REND  R_V  STATE_ 
IPROP ,ONORBir-REND  AUTO 
I INFLIGHT  UPDATE,  ” 

IREND  NAV~FILTER 
I 

(ONORBIT  REND  R V STATE_ 

IPROP , onorbit“rend_auto_ 

I INFLIGHT  UPDATE, •, 

irend_nav“filter 

I 

IONORBIT_REND  R V STATE 

IPROP  ,onorbit“rend_auto" 

I INFLIGHT  UPDATE,  ” 

IREND  NAV“FILTER 
I 

ionorbit  rend_r_v  state 

IPROP, ONORBIT  REND_AUT0~ 

I INFLIGHT  UPDATE  ,• , 

IREND  NAV~FILTER 

I 

I 


Output  Destination 


I 

I* 

I 

l» 

I 

!• 

I 


l 

I 

IREND  COV  IN  IT, 

ICOV  LAST" RESET, 
IONORBIT  REND  R V STATE 
IPROP 
I 

IREND  COV  INIT, 

I COV_LAST"  RESET, 
IONORBIT  lEND  R_V  STATE 
IPROP 
I 

I REND_COV  INIT, 

ICOV  last"reset, 

IONORBIT  REND  R V_STATE 

IPROP 

I 

IREND_COV  INIT, 

! COV_LAST~ RESET, 
IONORBIT  REND_R  V_STATE 
IPROP 
I 
I 


•Onorbit/Rendezvous  principal  function,  see  section  4.2 
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**•2. 4 Poaitlon  and  Velocity  State  Propagation  (ONORBIT_REND-R.V-STATE.PROP) 

The  position  and  velocity  state  propagation  subfunotion  is  oontalned  within  the 
Onorbit/Rendezvous  Navigation  prinoipal  function  and  is  used  to  perform  a number 
of  tasks  related  to  the  propagation  of  the  Orbiter  and  target  vehicle  state 
vectors.  The  subfunction  will  be  employed  to  propagate  the  Orbiter  and  target 
vehicle  state  vectors  from  the  time  of  the  previous  navigation  cyole  to  the  cur- 
rent navigation  cycle  time. 

Prior  to  state  vector  propagation,  the  task  of  snapping  I HU  and  attitude  data 
shall  be  performed  to  obtain  the  current  time  (T_CURRENT_FILT) , accumulated  IMU 
sensed  velocity  (V  _CURRENT_FILT),  and  on  attitude  quaternion  ( Q_M50B0DY_IMU ) . 

For  detailed  requirements  of  these  data  snaps,  see  IMU  and  Attitude  Data  Snap, 
section  4.2.2. 1 . 

During  vehicle  state  propagation,  various  acceleration  models  are  available  for 
use  in  the  determination  of  perturbing  acceleration  values  and  include  gravitat- 
ional accelerations  (always  used)  and  nongravitational  accelerations  (drag,  and 
a limited  venting  and  uncoupled  RCS  thrusting  model).  The  nongravitational  ac- 
celeration models  shall  be  used  only  when  the  vehicle  sensed  acceleration  (DV 
FILT),  obtained  frcm  the  IMU  accumulated  sensed  velocity  (V  CURRENT_FILT) , 
i3  Judged  to  be  insignificant;  that  is,  below  a predetermined  value  (DA_THRESHOLD 
TEST).  A detailed  description  of  the  acceleration  models  may  be  found  In 
section  4. 2. 4. 1.1.  State  vector  propagation  will  employ  only  1 scheme  for 
integration  of  the  equations  of  motion,  the  SUPER_G  algorithm  (see  section 
4.2.4. 1).  This  algorithm  will  be  used  for  propagating  both  the  Orbiter  and 
target  state  vectors  in  both  coasting  and  powered  flight. 

A.  Detailed  Requirements.-  The  computations  that  shall  be  performed  for  propa- 
gation of  the  position  and  velocity  vectors  are  initiated  by  a call  to  the 
Onorbit/Rendezvous  position  and  velocity  state  propagation  subfunction 
(ONORBIT_REND_R_V_STATE_PROP)  in  the  following  form: 

CALL : CN  ORB  IT_  REND_R_V_STATE_P  ROP 

The  following  will  be  performed  in  the  order  indicated. 

1 . The  IMU  navigation  acceleration  threshold  value  initialized  by  ILOAD  and 
updated  by  the  crew  on  the  IMU  ALIQ1  DISPLAY  will  be  loaded  into  the  DA_ 
THRESHOLD  parameter: 

DA_THRESHOLD  = IMU_NAV_A  CCEL_THR  ESH 

2.  The  acceleration  model  flags  shall  be  set  up  for  Orbiter  coasting  flight 
propagation: 

IGD  = Oi_DEG 
I GO  = GM_0RD 
IDRAG  = *1 
I VENT  s 1 


s 


I 
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3 Next  t/ie  change  in  velooity  (DV_FILT)  and  the  corresponding  tine  inter* 
val  (DT_FILT)  used  in  the  advancement  of  both  Orbiter  and  target  state 
v«utors~shall  be  ealoulated  by  subtraction  of  the  previous  oyole  values 
(V  _LAST_FILT  and  T_LAST_FILT)  from  the  current  IMU  snapped  values. 

DV  FILT  > V _CURRENT  FILT  - V LAST  FILT 

DT“fILT  » T_CURRENT_FILT-  T_LAST_FILT 

4.  An  acceleration  averaged  over  the  desired  interval  is  next  determined 
by: 

C0NT_ACC  8 [p?_FILT  | / DT_FILT  F3 

5.  Next  the  powered  flight  navigation  flag,  NAV_PWRD_FLT_NAV , shall  be 
tested,  and  flags  specifying  the  acceleration  models  to  be  used  to 
propagate  the  Orbiter  state  vector  on  this  navigation  cyole  shall  be 
defined. 

a.  If  the  NAV_PVIRD_FLT_NAV  flag  is  found  to  be  ON,  acceleration 

threshold  tests  must  be  made  to  determine  the  acceleration  models  to 
be  used  in  propagating  the  Orbiter  state  vector.  The  procedure  is 
as  follows: 

(1)  Convert  the  DAJTHRESHXD  value  from  micro  g's  to  feet/sec  , 
normalize  according  to  the  propagation  time  interval  (DT_FILT), 
and  store  the  new  value  into  DA_THRESHOLD_TEST . 

DA_THRBSHOLD_TEST  s DA_THRESHOLD  (GO)  (10"6)/DT_FILT  F3 

2 

("GO"  is  the  micro  G's  to  feet/sec  conversion  factor.) 

(2)  Test  the  acceleration  value  (CONT_ACC)  against  the  converted 
threshold  value,  DA_THRESHOLD_TEST . 

- If  00NT_ACC  > DA_THRESHOLD  TEST , turn  the  IMU  data-use  flag 
ON  and  set  the  flags  for  modeling  drag  and  vent  forces  to  0 
(OFF). 

USE  IMU  DATA  8 ON 
I DRAG  s_0 
I VENT  s 0 

- Otherwise,  set  the  IMU  data-use  flag  to  OFF,  and  force  the 
accumulated  velocity  for  the  propagation  interval  to  zero. 

USE  IMU_DATA  s OFF 
DVjFILT  8 0. 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 


H-116 


79FM10 


(3)  Test  the  acceleration  value  (CONT_ACC)  against  the  ZLOADBD  MSAS_ 
THRESHOLD  vaiue  to  determine  if  the  powered  flight  gravitational 
potential  model  should  be  used. 

- If  C0NT_A0C  > MEASJTHRESHOLD,  use  the  powered  flight  values 
for  the  potential  models 

IQD  e GM  DEO  LOW 

i qo  » gm~ord“low 

- Otherwise,  the  gravitational  parameters  will  remain  set  to 
the  free  flight  values. 

b.  In  the  situation  where  the  NAV_PWRD_PLT_NAV  is  found  to  be  OFF, 
the  Orbiter  sensed  acceleration  is  not  used  in  propagating  the 
Orblter  state  vector.  Therefore,  set 

DV  FILT  = 0. 

USE_IMU_DATA  = OFF 

6.  Next  the  SUPER_G  algorithm  is  oalled  to  propagate  the  Orblter  state 
vector,  using  the  acceleration  models  computed  above. 

CALL:  SUPER_0 

IN  LIST:  I GD , IGO , IDRAQ , I VENT , ATFLJW  ,R_FILT  .VJFILT , T_ 

LAST_FILT  ,T_CURRENT_FILT  ,DT_FILT  ,DV_FILT 
OUT  LIST:  R_FILT  ,V_FILT  ,G_NEW 

The  values  of  R _FILT  and  V _FILT  output  by  SUPER_G  are  the  required 
propagated  position  and  velocity  vectors  of  the  Orbiter  during  a powered 
or  coasting  flight  mode.  The  vector  0 NEW  is  a modeled  total  accelera- 
tion vector  obtained  according  to  the~specified  flag  settings  and 
corresponding  to  R FILT,  V _F1LT  and  T_CURRENT_FILT . 

7.  Once  the  Orbiter  state  vector  has  been  propagated,  the  DOING_REND_NAV 
flag  will  be  tested  to  determine  if  propagation  of  the  target  vehicle 
state  is  required. 


I 

(DOING  REND  NAV 
I 

If  the  DOING_REND_NAV  flag  is  ON,  the  target  vehicle  state  vector  will 
be  propagated  to  time  T_CURR5NT_FILT  from  time  T_TV  using  the  SUPERG 
algorithm. 
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CALL:  SUPERJ1 

X > 

IN  LIST:  GM  DEO,  GM  ORD,  DFL,  VPL  TV,  ATPL  TV, 

R "TV,  V !v,t  TV,T  current  piltTdt  PILT, 
vrtjkl  " ~ 

OUT  LIST:  R _TV,  V _TV,  0 _TV 

The  out  list  variables  represent  the  required  advanoed  target  , 

vehiole  state  vector  and  total  target  aeoeleratlon  veotor.  Here  R 

_TV  is  the  target  position  veotor,  V _TV  the  target  velooity  veotor, 

and  G TV  the  corresponding  aeoeleratlon  veotor,  all  determined  for 

the  time  T_CURRENT_PILT . 

The  time  T_CURRENT_P1LT  is  saved  as  T_TV. 

T_TV  * T_CURRENT_FILT 

8.  After  satisfaction  of  the  operations  caused  by  the  DOING  REND  NAV  flag 
value,  T_LAST_FILT  and  V _LAST_FILT  will  be  updated  to  T~CURRENT_FILT 
and  V dm  RENT  PILT  in  preparation  for  the  next  oyole  through  ONORBIT 
REND_  IV_STAlSjPROP . 

T_LAST_FILT  a T CURRENT  PILT 
V _ LAST_FILT  a V _CURRENT_FILT 

9.  A oall  to  the  solar  ephemeris  subfunction  will  provide  sine  and  oosine 
functions  of  the  sun's  current  position  preparatory  to  calculation 

of  the  Earth-sun  unit  vector.  The  unit  veotor  will  be  constructed 
as  follows: 

(a)  CALL:-  SXAR_BPHEM 

IN  LIST:  T_CURRENT_FILT 

OUT  LIST:  SD£C,CDEC1 ,OTS_SOL_RA,SIN_SOL_RA 


(b)  UR  SIM <|  a OOS  SOL  RA  CDEC1 
UR"SUN2  s sin"scl"ra  CDEC1 

UR'SUNj  a SDEC 

The  solar  unit  vector  is  required  by  the  Universal  pointing  processing 
principal  function. 

B.  Interface  Requirements.-  Input  and  output  parameters  for  the  position  and 
velocity  state  propagation  subfunction  trunk  logic  are  given  in  table  4.2.U. 

C.  Processing  Requirements.-  This  subfunction  shall  be  called  by  the  Onorbit/ 
Rendezvous  Navigation  principal  function  ( NAV_ONORBIT_RENDCZVOUS) . 
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Constraints.-  The  following  constraints  apply: 

1.  The  acceleration  models  task  is  needed  not  only  by  the  navigation  state 
propagation  subfunction,  but  also  by  the  Onorblt  Precision  State  Predic- 
tion principal  function  and  by  the  User  Parameter  state  propagation 
subfunction.  Each  user  of  acceleration  models  shall  set  its  own  flags 
and  therefore  requires  a different  calculation.  To  protect  against 
interference  in  the  acceleration  computations,  it  is  Important  that 
these  computations  not  be  interrupted. 

2.  The  current  Orbiter  mass  (CURR_ORB_MASS)  will  be  initialized  for  use  by 
NAV  by  the  Onorbit /Rendezvous  Navigation  Sequencer  principal  function 
and  will  be  maintained  for  NAV  by  the  Onorblt  Guidance  principal 
function . 

Supplementary  Information.-  A suggested  implementation  of  this  subfunction 
in  the  form  of  detailed  flow  diagrams  may  be  found  in  Appendix  L under  the 
following: 


ONORBIT  REND  R V STATE  PROP 


. V*  « I U 


TABLE  4.2.4.- 

ONORBIT_REND_R_V_STATE_ 

.PROP 

INPUT/OUTPUT 

Variable  Name 

1 

1 Input  Source 

I 

f 

! 

1 

Output  Destination  t 

ATFL_OV 

1 ee 

i 

! 

SUPBR_G  1 

ATFL_TV 

! •• 
• 

1 

1 

SUPERjG  ! 

CDEC1 

! SOLAR  JSPHEM 

1 

COS_SOL_RA 

! SOLAR_EPHEM 
• 

I 

1 

a 

CONT_ACC 

I 

! 

■ 

I 

I 

t 

NAV  ONORBIT  RENDEZVOUS, ! 
» “ 1 

DFL 

1 •• 
• 

I 

! 

A 

SUPERG  I 

DOING_REND_NAV 

I »,« 

• 

I 

! 

DT_FILT 

! 

! 

i 

I 

1 

1 

REND_COV_INIT ,* ,SUPBR_G I 

DV_FILT 

i 

! 

1 

! 

REND  COV  INIT,  SUPER  G.t 

I 

1 

! 

! 

NAV  ONORBIT  RENDEZVOUS,! 

* ” “ j 

GM  DEG 

! 

! •• 

! 

! 

SUPERjG  ! 

GM  DEG  LOW 

| H 

! 

GM  ORD 

1 •• 

I 

SUPERjG  ! 

GM_GRD_L0W 

| •« 
■ 

! 

G _NEW 

i 

! SUPER  G 

s 

t 

REND  BIAS  AND  COV  PROP , ! 

I 

! 

• _ | 

G _TV 

! 

! SUPER  G 

! 

1 

REND  BIAS  AND  COV  PROP,! 

! 

1 

! 

a 

REND_NAV_INTERP ,*  ! 

I DRAG 

i 

! 

! 

1 

X 

! 

! 

K 

SUPER  G,  REND  COV  INIT,! 
REND_NAV_INTERP , • ! 

IGD 

* 

! 

! 

I 

X 

! 

! 

1 

SUPER  G.REND  COV  INIT,  ! 
REND_NAV_INTERP ,»  ! 

IGO 

X 

! 

! 

I 

X 

! 

! 

I 

SUPER  G.REND  COV  INIT,  I 
REND_NAV_INTERP ,•  ! 

IVENT 

X 

! 

! 

1 

X 

l 

! 

1 

SUPER  G.REND  COV  INIT,  ! 
REND_NAV_INTERP ,•  ! 

•See  Onorbit/ Rendezvous  Nav  P.F.  I/O 
••Initialization  parameters,  see  section  4.7 


\ 

; 


| 
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TABLE  4.2.4.-  ONORBIT_REND_R_V_STATE_PROP  INPUT/OUTPUT.-  Continued 


Variable  Name 


MEAS_THRESHQLD 
NAVJPWRD_FLT_NAV 
R FILT 


R TV 


SDEC 

SIN_S0L_RA 
T_CURRENT_FILT 
T LAST  FILT 


T_TV 

UR_SUN 
TDVFILT 
USE  IMU  DATA 


Input  Source 


H 

NAV_ONORBI T_RENDEZV  OUS 

SUPER  G,  ONORBIT  REND_ 
AUTO_INFLIGHT  UPDATE, 
REL_NAV_DISPLAY_UP DATES 
REND_NAV  FILTER,* 


ONORBIT_REND_AUTO_ 
INFLIGHT  UPDATE,  REL 
NAV_D  ISP  LAY_UPDATES ,' 
REND_NAV  JFILTER , * , 
SUPER  G 


SOLAR_EPHEM 

SOLAREPHEM 

NAV_ONORBIT_RENDEZVOUS 

* , ON ORBIT_REND_AUTO_ 
INFLIGHT  UPDATE 


f 

! Output  Destination 

J 

! 

! 

t 

I 

! 

! SUPER_G , REND  COV_INIT, 
! OOV_LAST  RESET,  REND_ 

1 NAV  FILTER,  REND  NAV~ 

! INTERP,  REL_NAV_“ 

! DISPLAY  UPDATES,  REND_ 

I BIAS  A J®  COV  PROP,*, 

I SHUTTLE_RESET , NAV_ 

! ONORBIT  R0JDEZVOUS 
I 

! OOV  LAST  RESET,  REND_ 

! COV~INItT  TARGET_RE3ET, 
! REND_NAV_FILTER , REND_ 

! BIAS  AND  COV_PROP , REL_ 
! NAV  DISPLAYJJPDATES, 

! REND_NAV  INTERP,*, 

! S UPE  R_G ,NA V_ONORB IT_ 

! RENDEZVOUS  _ 

I 

! 

! 

f 

f SUPER_G 
! 

! SUPER  G,*,SHUTTLE_ 

! RESET7  COV  LAST_RESET, 

! REND_COV_INIT,NAV_ 

J ONORBIT_RENDEZVOUS 
! 

! *,  REND_COV_INIT, 

! SUPER_G 

j 

! * 

! 

! SUPERG 
I 

! NAV_ONORBIT 
! RENDEZVOUS,* 

! 


*Onorbit/Rendezvous  principal  function,  see  section 
••Initialization  parameters,  see  section  H. 7 
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TABLE  4.2.4.-  ONORBIT  REND  R V STATE  PROP  INPUT/OUTPUT.-  Concluded 


V 


Variable  Name 


Input  Source 


Output  Destination 


CURRENT_FILT 


NAV  ONORBIT  RENDEZVOUS 


V FILT 


SUPER  G,  REND  NAV 
FILTER,  ONORBIT  REND 
AUTO  INFLIGHT  UPDATE7REL 
nav”display  UPDATES,* 


SUPER  G,  REND  COV  INIT, 
C0V_lEST  RESET,  SHUTTLE 
RESET,  RBND_BIAS  AND 
~COV  PROP , HEND_NAV_  “ 
FILTER,  REND_NAV_ 
INTERP,  REL_NAV  “ 
DISPLAY  JUPDATES ,* ,NAV_ 
ONORBIT  RENDEZVOUS 


VFL_TV 


ii 


SUPER_G 


V LAST  FILT 


SHUTTLE_RESET 


V TV 


ONORBIT_REND  AUTO 
INFLIGHTJUPDA'IE , REL 
NAV  DISPLAY_UPDATES , 
REND_NAV_FILTER , * , 
SUPER  G 


OOV_LAST_RESET , REL_ 
NAVDISPLAY  UPDATES, 
REND_COV_INIT ,TARGET_ 
RESET,  REND_NAV  INTERP, 
REND  NAV  FILTER?, 

SUPER  G,  REND  BIAS_ 
AND_C$V_PROP ,NAV 
ONORBIT  RENDEZVOUS 


•Onorbit/Rendezvous  principal  function,  see  section  4.2 
••Initialization  parameters,  see  section  4.7 
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4.2.11.1  Position  and  VelOoityPrdpagation  (SttPBft.fl)  - i-  •■■Uu £• 

During  powered  flight  navigation  phases » ttoe  equations  of  motion  used  for  

Orbiter  state  propagation  have  the  form  of  a Taylor  series  trunoated  at  the  tern 
in  h3,  where  h is  the  step  aize.The  integration  softeme  used,  called  S0PBRJ3, 
is  an  improved  version  of  the  AVERAOE_G  method,  containing  a correction  cycle. 

During  Orbiter  powered  flight  conditions,  non^gravitational  accelerations  sensed 
by  thelHB'aare  incorporated  into  the  state  veotor  in  the  SUPBR_0  state 
propagation  algorithm  when  above  a pre-set  threshold*  For  Orbiter  coasting- 
flight  or  target  state  veotor  propagation,  the  aooelerations  are  always  modeled 
in  the  SUPER J3  'algorithm « ' -nt  ' \v  ’ -:-V.  •.  tw  •;  : 


Detailed  Requirementa.- 

The  SUPERJ3  subfunotion  shall  be  invoked  whenever  the  following  state- 
• • meat  la  encountered: ; <h>  i ••  •;  •'  £ 

55.,-K.  \i  • ■ • :•  -VW  1st 

CALL:  SUPER  JB  | 

INLIST:  3©fGN0,DM,VM,ATM,R  IN,  V IN,  T IN,  T FIN,  DT_PILT, 

DV_IN 

GOT  LIST:  R _FIN,V  FIN,  G _COT 


1.  Upon  initiation  of  SUPBRjG,  an  initial  total  acceleration,  G __INT,  will 
be  calculated  by  the  ACCELJONORBIT  function  as: 

G _INT  s ACCELJONORBIT  (GMD,GMD,BM,VM,ATM,R  _IN,V  _JN,T_IN) 


( 


I 


! 


\ 


where  the  funotion  arguments  are  the  appropriate  flag  settings  (that  is, 
the  degree  and  order  of  the  gravitational  potential  model,  drag  mode, 
vent  mode,  and  attitude  mode  flag  settings),  current  position  veotor, 
current  velooity  veotor,  and  previous  time. 

2.  Next  the  position  veotor  Is  advanced  using  the  ourrent  position  and  ve- 
locity vectors,  *ve  time  interval  DTJFILT,  initial  acceleration  veotor 
G _INT  calculated  in  the  previous  step,  and  the  value  of  DVJFILT: 

R FIN  s R IN  + DT  FILT  (V  IN  ♦ 

75  (DVJM  + DT_F3LT  G _INT) ) 

3.  Find  a new  value  of  the  total  aooeleratlon  veotor,  based  on  the  advanoed 
position  veotor,  velooity  veotor,  and  time  tag: 

G J5UT  s ACCELJONORBIT  (OMD.GMO ,DM,VK,ATM,R  _FIN,V  _IN,T_FIN) 

4.  The  vehicle  velooity  veotor  is  corrected  using  an  average  total  accelera- 
tion difference. 

V _FIN  » V _IN  + DV_IN  + .5  DT_FILT  (0  _INT  ♦ G _0UT) 


1 

i 


s 

t 


2 
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5.  Finally,  the  vehiole  position  vector  is  oorreoted  by: 

I JT*  * I * (<S  jwt  - a .ntf)  wjnur2)/*. 

■ The  veloeity  and  position  vectors  calculated  in  steps  4 and  9 constitute 
the  required  propagated  state . ■ 

B.  interface  Requirements.-  The  input  and  output  required  for  the  SUPER_G 
subfunotion  are  listed  in  table  4.2.4. 1*  Required  inputs  for  use  of  the 
ACCEL_ONORBIT  function  are  given  in  aeotion  4*2.4. 1,1. 


following: 


The  SUPER  J3  subfunotion  is  oalled  by  the 


<W0IBIT_RB8DJl_VjlTRT8-Pa0P 

D.  Constraints.-  The  SUPER_G  subroutine  will  be  oalled  to  Integrate  Idle  Orbiter 
and  target  state  vectors  during  ooastlng  and  powered  flight. 


B.  Supplementary  Information.-  A suggested  implementation  of  the  S0PERJ3 

subroutine,  in  the  form  of  a detailed  flowohart,  is  presented  in  Appendix  B 
under 
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TABLE  4. 2. 4.1.-  SUPBR.G  INPUT/OUTPUT 


1 

! 

1 

1 Inliat/Outlist 

1 

1 Internal 

I External 

1 Input  Souroe 

l Output  Destination 

i Name 

1 Name 

l 

1 

! 

I 

1 

! CMD 

! IGD 

! ON ORBIT  REND  R V 

I 

I STATE  PROP 

! 

1 

! 

1 

1 GMO 

1 IGO 

1 ONORBIT  REND  R V 

! 

! 

! STATE  PROP 

1 

1 

! 

1 

i DM 

! IDRAG 

t ONORBIT  REND  R V 

I 

! 

! STATE  PROP 

I 

! 

1 

t 

1 VM 

I IVENT 

1 ONORBIT  REND  R V 

! 

! 

1 STATE  PROP 

1 

I 

1 

! 

I ATM 

! ATFL  OV 

1 ONORBIT  REND  R V 

! 

! 

1 STATE  PROP 

! 

t 

I 

! 

i R IN 

! R FILT 

1 ONORBIT  REND  R V 

1 

! 

i STATE  PROP 

t 

1 

! 

1 

l V IN 

I V FILT 

I ONORBIT  REND  R V 

! 

! 

1 STATE  P ROP 

! 

1 

1 

1 

1 T IN 

1 T LAST  FILT 

! ONORBIT  REND  R V 

I 

! 

! STATE  PROP 

! 

! 

I 

i 

! 

! T FIN 

I T CURRENT 

! ONORBIT  REND  R V 

! 

I FILT 

1 STATE  PROP 

! 

1 

1 

! 

! 

l DT  FILT 

1 DT  FILT 

! ONORBIT  REND  R V 

! 

1 

1 STATE  PROP 

! 

! 

! 

! 

1 DV  IN 

1 DV  FILT 

1 ONORBIT  REND  R V 

! 

I 

i STATE  PROP 

1 

! 

1 

1 

1 CMD 

! GM  DEG 

! ONORBIT  REND  R V 

! 

1 

1 STATE  PROP 

i 

! 

1 

! 

1 OlO 

! GM  ORD 

1 ONORBIT  REND  R V 

1 

I 

1 STATE  PROP 

! 

l 

1 

! 

1 

! 

! 

1 

! 

1 
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TABLE  4.2.11.1..  SUPER J}  ZNPUT/OUTPUT.-  Continued 


Inliat/Outlist 

I 

1 

! 

Internal 

! External 

! Input  Souroe 

1 Output  Destination 
1 

Name 

t Name 

1 

DM 

! 

1 DPL 
• 

1 

1 GNORBIT  REND  R V 
! STATE  PROP 
! 

i ONORBIT  REND  R V 

1 

1 

1 

a 

VM 

I VFL  TV 

I 

i 

1 

1 

1 STATE  PROP 
1 

1 ONORBIT  REND  R V 

i 

• 

ATM 

J ATFL  TV 

! 

I 

I 

! 

1 

• 

! STATE  PROP 
1 

1 ONORBIT  REND  R V 

R _IN 

1 R TV 

I 

1 

1 “ ~ 
• 

1 STATE  PROP 
I 

! ONORBIT  REND  R V 

1 

1 

V IN 

! V TV 
1 
1 

1 

I 

1 

• 

! STATE  PROP 
1 

1 ONORBIT  REND  R V 

T_IN 

X 

! T TV 

I 

• 

I 

1 

I 

| 

1 STATE  PROP 
I 

1 ONORBIT  REND  R V 

T_FIN 

! T CURRENT 

1 FILT 
• 

1 

! 

I 

l 

1 STATE  PROP 
1 

! ONORBIT  REND  R V 

DT_FILT 

X 

! DT  FILT 

1 

! 

! 

I 

! STATE  PROP 
1 

! ONORBIT  REND  R V 

I 

1 

WIN 

1 TDV  FILT 

I 

1 

X 

1 

1 

! 

1 STATE  PROP 
I 

R _FIN 

! 

1 R FILT 

I 

t 

! 

1 ONORBIT  REND  R V 

I ” 
1 

I 

! 

! 

I 

! 

! 

! 

! 

! STATE_PROP 

z 

£ 

1 

>l 

X 

1 V FILT 
1 “ ~ 

I 

1 ONORBIT  REND  R V 
i STATE_PfiOP 
| 

G _OUT 

! G NEW 
i “ " 

1 

1 

! ONORBIT  REND  R V 
! STATE  PlOP 
! 

R _FIN 

1 

1 R TV 

1 

! 

! 

1 ONORBIT  REND  R V 

! “ ” 
I 

I 

1 

1 STATE  PROP 
1 

* 
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TABLE  It. 2.4.1.-  SUPER_G  INPUT /OUTPUT.-  Continued 


1 

Inliet/Outlist 

1 

1 

l 

I 

Internal 

Name 

1 External 
I Name 

1 

1 

Input  Souroe 

I 

1 

Output  Destination 

C ' 

I* 

1 

! 

• 

V _FIN 

> 

>1 

1 

I 

1 

1 

— r 

i 

i 

I 

ON ORB IT  REND  R V 
STATE_PROP 

1 

1 

I 

Q _OUT 

! Q TV 
1 ~ - 

1 

! 

I 

• 

! 

1 

ONORBIT  REND  R V 
STATE  PROP 

o 


( > 


o 
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TABUS  4.2.11.1.-  SUPER_Q  INPUT /OUTPUT.-  Concluded 


Variable  Name 


Input  Source 


Output  Destination 


OMD 
QMO 
DM 
VM 
ATM 
R IN 
R _FIN 
V IN 
T_IN 
T FIN 


ACCBL_ONORBIT 
ACCBLjORORBIT 
ACCBLJORORBIT 
ACCBLJORORBIT 
ACCBLJORORBIT 
ACCBLjORORBIT 
ACCBLJORORBIT 
ACCBLjORORBIT 
ACCELjONORBIT 
ACCEL  ONORBIT 


t 


ACCEL  ONORBIT 


tOnly  the  value  of  ACCBL_ONORBIT  is  passed 
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4. 2. 4. 1.1  Acceleration  models  (ACCBLjOKORBIT) .-  During  orbital  operations, 
models  to  aooount  for  gravitational,  vent  and  thrust,  and  vehiole  aerodynamic 
drag  accelerations  shall  be  available.  These  models  are  to  be  used  to  the 
Orbiter  state  vector  propagation  whenever  the  I MU  sensed  acceleration  magnitude 
is  below  a given  threshold  level.  When  the  sensed  acceleration  magnitude 
is  above  the  threshold  level,  the  gravitational  aooeleration  model  only  will 
be  used.  In  the  Orbiter  state  prediction  mode,  only  the  gravitational  and 
drag  aooeleration  models  may  be  used.  During  propagation  or  prediction  of 
a target  vehiole  state,  the  gravitational  and  drag  aooeleration  models  may 
be  used.  Additionally,  during  the  target  state  propagation  mode,  oapablllty 
exists  to  incorporate  the  unmodeled  aooeleration  biases  as  determined  by 
the  Kalman  filter  to  REND_NAV_FILTER . 

A.  Detailed  Requirements.-  This  funotion  is  aotivated  whenever  the  statement 
ACCBLjONORBIT  (GMD,GMO,DM,VM,ATM,R,V,T)  is  enoountered, 

where: 


GM>  input  degree  of  Earth  gravitational  potential  model  (ACCEL 
EARTH  GRAY) 


GMD  input  order  of  Earth  gravitational  potential  model  (ACCEL 
EARTH_GRAV) 

Of  flag  indieating  use  (1)  or  non-use  (0)  of  vehiole  drag  ao- 
oeleration model  ( ACCEL_ONORBIT_DRAG) 

VM  flag  indicating  use  (1)  or  non-use  (0)  of  vent  Ind  thrust 
model  ( ACCEL_ONORBIT_VENT_AND_THROST) 

ATM  attitude  mode  flag  (used  when  DM  and/or  VM  are  set  to  1.) 

R position  vector  of  vehiole  to  M50  coordinates 

V velocity  vector  of  vehiole  to  M50  coordinates 

T position  and  velocity  vectors  time  tag 

The  following  steps  will  be  perforated  (to  the  order  indicated)  whenever  the 
ACCEL_0N0RBIT  funotion  is  aotivated. 

1.  The  values  of  G,  the  gravitational  aooeleration  due  to  the  Barth's  non- 
spherioal  shape,  D,  the  drag  model  aooeleration  vector,  and  VENT,  the  ao- 
oeleration due  to~vent  and  thrusting  shall  be  initially  nulled. 

G a 0. 

D 8 0. 

VENT  s 0. 
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The  ourrent  Berth  fixed  to  >50  transformation  FIFTY  will  be  oonstruoted. 

FIFTY  « EARTH_FIXEDJTO_M50_COORD(T ) 

Here,  the  BARTH_FIXBD_TO_(50_COORD  function  is  defined  in  eeotlon  4.10.2. 

Next  the  input  M50  position  veotor  will  be  transforaed  to  Barth  fixed 
ooordinatea. 

R _BF  * FIFTY7  R 

Components  of  the  Barth  fixed  position  unit  veotor  will  be  determined  by 
the  following: 

R_INV  a i./  | R | F3 

UR  s R_INV  R _BF 

The  aooeleratlon  veotor  due  to  the  Earth's  gravitational  attraotlon  as 
a point  mass  will  be  determined  by: 


G _CBNTRAL  = - BARTH_M0  R_INV3  R 

2.  Next  the  value  of  (HI)  shall  be  tested  to  determine  if  the  gravitational 
acceleration  veotor  due  to  the  Barth's  non-apherioity  (0)  shall  be 
determined . 


I 

! 0(0  > 2 
t 

a.  If  (NO  is  equal  to  or  greater  than  2,  the  ACCEL_EARTHjCJRAV  oode  will 
be  exeouted  - which  is  a model  formulated  using  S.  Pines'  spherioal 
harmonios  development. 

(1)  The  following  variables  are  to  be  set  up  to  serve  as  starting 
values  for  recursive  relations  used  in  the  Pines  formrlatlon: 

RO_ZERO  s BARTH_RADIUS_GRAV  R_INV 

RO_N  8 ROJSBRO  BARTH_MD  RJDiV2 

Aif2  s 3.  UR3 

a2,2  8 3. 

L 8 1 


P3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 
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AUXILIARY  < 0. 

ZETAJIEAL,  » 1. 

ZETA_IMA01  a 0. 

A is  a two-column  array  used  for  temporary  storage  of  Legendre 
polynomials  and  derived  Legendre  functions  (which  are  latitude* 
dependent  terms),  and  RO_N  is  the  distanoe-related  term. 
AUXILIARY  Is  an  intermediate  scalar  variable. 

(2)  Recursive  calculations  shall  then  proceed,  using  as  many  com- 
ponents of  the  one-column  arrays  ZETA  REAL  and  ZBTA_IMAO  as 
required  to  aocount  for  the  effects  or  teaaeral~harmonios . 
ZETA_REAL  and  ZETA_IMAQ  are  the  only  terms  that  depend  on  the 
vehicle's  longitude. 

Do  for  I a 1 to  (MO: 

ZETA_RBALI+i  8 UR,  ZETA_REALX  - UR2  ZETAJMAOj 
ZETA_1MAQI+1  s UR1  ZETA_IMAQI  ♦ UR2  ZBTA_REALj 

(3)  The  derived  Legendre  functions  shall  then  be  obtained  by 
means  of  reeuraion  formulas,  multiplied  by  appropriate  combi- 
nations of  teaseral  harmonics  (Legendre  polynomials  shall  be 
multiplied  by  zonal  harmonies  coefficients),  and  stored  as 
oertain  auxiliary  variables  FI,  P2,  P3,  and  F4. 

Do  for  II  s 2 to  OMD  the  following  three  steps: 

AN+1,1  8 °* 

AH+1,2  8 (2.  N ♦ 1.)  Am,2 

aM,1  8 aM,2 

^,2  8 W*3  Ag+^2 

- Do  for  J s 2 to  N: 


(4) 


aN-J+1,1  8 aH-J+1 ,2 

AM-J+1  ,2  8 <t®3  aN-J+2,2  - aN-J+2,1'/J 

PI  a 0. 

P2  « 0. 

F3  * -A1§1  ZONAL  (j 
F4  8 -A1>2  ZOMALjj 

(These  account  for  tLe  zonal  harmonics  contributions.) 

If  the  maximum  order  of  tesserals  wanted  has  not  been 
attained  (i.e.,  if  N < (MO),  do  for  Hi  s 1 to  N: 

PI  8 PI  + HI  A||1,1  (Cl  ZETA_REALM1  ♦ SL  ZETA_IMAGN1) 
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P2  ■ F2  ♦ Ml  Ami f1  (S>  ZBTA  RSALmi  - CL  ZBTA  IHAON1) 

GUM  1 CL  ZBTA  RBALNU1  4 SL“ZBTA  IMAQj,1+1  ” 

P3  • P3  4 »M“AMulfl 
F4  * F4  4 EMM  Aki+i  2 
L > L 4 1 

(These  take  Into  aocount  the  contributions  of  the  tesseral  and 
sectorial  haraonioa. ) 

(5)  RO  N « RO  H RO  ZERO 

Of-  <h  ♦"»  »" FI 

02  « 02  4 RON  P2 

03  « 03  4 »“H  P3 

auxiliary  » Hjxiliary  4 roji  F4 

(These  equations  multiply  the  sun  of  zonal  and  tesseral  effeets 
by  appropriate  distance-related  factors,  store  the  results  as 
components  cf  the  acceleration  veotor  0,  and  prepare  for  final 
computation  by  obtaining  the  intermediate  scalar  variable 
AUXILIARY,  which  accounts  for  an  additional  effect  proportional 
to  the  unit  radius  veotor  UR). 

b.  Once  these  calculations  have  been  completed  (R  * OMD)  and  stored, 
the  Barth-fixed  acceleration  veotor  shall  be  obtained  and  rotated  to 
the  M50  coordinate  system. 

0 * 0 - AUXILIARY  UR 

0 » FIPTY  0 

This  is  the  gravitational  acceleration  veotor  needed  for  equations 
of  motion  of  the  Shuttle.  Values  of  Offi  and  of  (MO  may  be  set  by 
the  user  Independently.  However,  it  is  neoessary  that  (MO  < OMD.  A 
maximum  value  of  4 for  GMD  shall  be  used,  which  will  make  the  array 
ZONAL  have  4 components,  the  arrays  C and  S have  9 components  each, 
ZBTA  REAL  and  ZBTA  IMAG  have  5 each,  and  A has  a maximum  dimension 
of  5~ by  2. 

Terms  shown  in  Barth's  gravity  calculations  as  Cl  and  Sl  are  usually 
represented  by  Cn  « and  S«  B,  respectively,  but  were  renumbered  for 
single  subscript  utilization;  the  terms  called  ZQMALH  correspond  to 

JN  * “CH,0* 

The  S.  Pines  formulation  of  gravitational  potential  may  be  found,  in 
condensed  form,  in  the  paper  "Uniform  Representation  of  the  Grav- 
itational Potential  and  its  Derivatives,"  AIAA  Journal,  Vol.  11,  No. 
11,  November  1973.  In  expanded  form,  and  with  an  earlier  draft  of 
the  oomputer  program  herein  presented,  it  is  contained  in  MDC  Report 
W0013,  NASA  CR  14/478,  of  9 February  1976,  Pines'  Nonsingular 
Gravitational  Potential:  Derivation,  Description  and 

Implementation . 
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3.  Next  a teat  will  be  performed  to  determine  if  vent  and  thruat  accelera- 
tion are  to  be  modeled.  It  ahould  be  noted  that  the  vent  ami  thruat 
aooeleration  model  ia  used  only  during  state  propagation  (i.e. , this 
model  is  not  used  for  Orb Iter  or  target  vehiole  state  prediction). 

I \ 

I VM  * 1 > 

I / 

a.  If  VM  la  equal  to  1,  vent  and  thrust  accelerations  are  to  be  modeled 
for  use  during  Orbiter  or  target  vehiole  propagations.  The  ACCEL__ 
ONORBIT_VENT  AlfD_THFUST  CODS  will  be  executed  aa  follows: 

(1)  A check  of  the  ATM  flag  will  be  made  to  determine  if  the 

modeled  vent  and  thruat  aooeleration  will  apply  to  the  Orbiter 
state  propagation  (ATM  > 0),  or  target  vehiole  propagation 
(ATM  * 2). 


I 

! ATM  b 2 

I 

- If  ATM  ia  equal  to  2,  the  vent  and  thruat  aooeleration  is 
for  the  target  vehiole.  A check  of  the  SHUTTLB_FILTER_FLAG 
will  be  made  to  determine  if  the  unmodeled  aooeleration  bias 
( UNM0D_ ACC_B IAS ) applies  to  the  Orbiter  (SHUTTLB_FILTER  FLAG 
s ON) , or  the  target  vehiole  (SHUTTLB_FILTER_FLAG  * OFF). 

I 

« SHUTTLE  FILTER  FLAG  * OFF 

I ~ 

If  the  Shuttle  filter  flag  ia  OFF,  the  target  vehicle  vent 
and  thruat  vector  (VENT)  will  be  set  equal  to  the  unmodeled 
aooeleration  bias;  otherwise  the  value  of  VENT  will  remain 
at  its  initialized  value.  The  value  of  UNMOD_ACC_B IAS  ia 
determined  in  the  Onorbit /Rendezvous  Navigation  principal 
function  by  the  Kalman  filter.  The  bias  aooeleration  is  ap- 
plicable to  either  the  Shuttle  or  target  vehiole  aa 
lndioated  by  setting  of  the  SHUTTLE_FILTER_FLAG  as 
mentioned  above.  ' ~ 


- If  th*  value  of  Am  does  not  equal  2 in  step  3a(1),  the  vent 
am!  thrust  aodeled  acceleration  will  be  for  the  Orbiter.  The 
value  of  the  SHUTTLB_PILTER_PLAG  will  next  be  checked 


! 

1 SHUTTLE  FILTER  FLAG 
! s ON- 

I 


\ 


A 
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and  if  on,  the  vent  and  thrust  acceleration  vector  VENT 
is  set  equal  to  UNMOD_ACC_BIAS , ~ 

VENT = UNMO D_ ACC_B IAS 

(2)  The  value  of  time  (T)  is  tested  to  determine  if  it  lies 

within  the  vent  and  thrust  model  aotion  time  span  as  specified 
by  the  values  of  TFON  and  TFOFF, 


i \ 

I T > TFON  \ 

! and  \ 

! T < TFOFF  / 

v _y 

and  if  so,  a body  contact  force  vector  (VFORCE)  and  the  current 
Orbiter  mass  ( NAV_CURR_ ORB_MASS ) will  be- used  to  construct  the 
Orbiter  venting  and  acceleration  veotor.  A multiplication  by 
M_B0DYM50  transforms  the  vector  from  body  to  M50  coordinates. 
This  acceleration  vector  is  then  added  to  VENT. 

VENT  = VENT  + M_BODYM50  ( VFORCE /NAV_CURR_OHB_MASS  ) F3 

- The  value  VENT,  the  Orbiter  vent  and  thrust  modeled  accelera- 
tion veotor,  is  stored  as  VENTjSS  to  be  available  for 
down list.  ” 

4.  After  the  A CCEL_ONORB IT_VENT_AND_THRUST  logic  has  been  satisfied,  the 
drag  model  flag  (BN)  shall  be  tested 


I 

! DM  = 1 
t 

and  if  true  (BN  = 1),  the  vehiole  drag  acceleration  vector  shall  be 
determined. 

a.  The  first  step  to  be  performed  in  the  vehicle  drag  computational 
flow  will  be  to  exercise  the  SOLAR_EPHEM  subfunction  by  the 
following: 

CALL:  SOLAR_EPHEM 

INLIST:  T 

OUTLIST:  SDEC.CDECI ,OOS_SCL_RA,SIN_SOL_RA 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 
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Where: 


CDEC1  s oosine  of  the  solar  declination 
COS_SCL_RA  s oosine  of  the  solar  right  asoension 
SDEC  s sine  of  the  solar  declination 
SIN_S0L_RA  s sine  of  the  solar  right  ascension 
T = time  of  desired  computation 

b.  Next  the  ONORBIT_DENSIT¥  code  will  be  exercised  to  provide  the. 
atmospheric  density  value  associated  with  the  vehicle  position. 

This  seation  of  oode  is  initiated  with  determination  of  the  vehicle 
altitude  (ALT)  above  the  reference  ellipsoid  through  use  of  the  H_ 
ELLIPSOID  function  (see  section  4. 2. 4. 1.1.1). 

ALT  * H_ELLIPSOID(R) 

where  R is  the  vehicle  M50  position  vector. 

(1)  The  next  series  of  expressions  will  be  performed  to  determine 
GDI,  one  of  the  Babb -Mueller  atmospheric  density  diurnal 
factors . 


CDEC1  = CDEC1  R INV 
SDEC  = SDEC  R_INV  R3 
CSF5T  s R1  OOS  SOL  RA  COS  LAG 
CSSND  a R-j  SINJSOL- RA  SIN~LAG 
SIFST  s R2  SIN_SOL~RA  COS  LAG 
SSND  s R2  COS  SO.  RA  SIN_LAG 

CQS_PSI  s SDEC  + CDEC1  (CSFST -CSSND  + SIFST  ♦ SSND) 

GDI  = ((1.0  + C0S_PSI)/2.0)GDIE 

where  COS_LAG,  SIN_LAG  and  GDIE  are  design  dependent  parameters 
(see  section  4.7). 


(2)  A check  of  the  vehicle  altitude  above  the  reference  ellipsoid 
(ALT)  will  be  made  to  see  if  it  is  greater  than  ALTJu  (the 
Babb-Mueller  density  layer  altitude). 


i 

! ALT  > ALT  L 

1 2L 

If  the  statement  is  true,  the  layering  index  integer  K will 
be  set  to  2;  otherwise  K will  be  set  to  1. 

(3)  The  night-time  vertical  density  profile  factor  (AFH)  will  be 
determined 


AFH  = ABMlfR  + ABM2f g ALT  + ABM3tK  /ALT  F3 
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where  ABM^  TO  3 K ar®  m^ssion  dependent  oalibration  coeffi- 
cients (see  section  4.7) . The  diurnal  density  effeot  will 
be  determined  next. 

BFH  s (BMi  + BMg  ALT  ♦ BM3/ALT)  001  P3 

The  BMi  TO  3 ar®  mission  dependent  calibration  coefficients 
(see  section  4.7).  A seasonal-latitudinal  term  will  be  deter- 
mined as  follows, 

CBM1  b ALT  - C DENSBA 

CBM1  * ^DKfTiNV)I 2  ABS  (R3)R3)CBM1  EXP  (CBD2  CBM1) 

C_DENSEA,CBD1  and  CBD2  are  design  dependent  parameters  (see 
section  4.7). 

■ (4)  The  atmospheric  density  will  now  be  determined  as 

RHO  s HREF  EXP  (AFH  + BFH  ♦ CBM1  CBM2) 


Here  RREF  is  a design  dependent  parameter  and  CBM2  is  a seasonal- 
latitudinal  mission  dependent  parameter  (see  section  4.7). 

c.  Next  the  ACCEL_ONORBIT_DRAG  code  will  be  exeouted  using  the 

atmospheric  density  value  of  (RHO)  previously  determined.  The  code 
will  begin  with  calculation  of  the  vehicle  velocity  vector  in 
Earth-relative  M50  coordinates  as  determined  by 

V _R  = V _REL  (V ,R) 

where  V _REL  (V,R)  is  the  Earth  relative  velooity  function  (see  sec- 
tion 4.2.4.1.1T2T,  and  V,R  are  the  vehicle  velocity  and  position 
vectors  in  H50  coordinates. 

(1)  A test  to  determine  if  ATM  is  greater  than  0 is  performed: 


I / 

- If  ATM  is  greater  than  0,  a second  test  will  be  performed  to 
determine  if  ATM  is  equal  to  1. 


I 

! ATM  = 1 
I 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 
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If  ATM  is  equal  to  1,  the  drag  computation  will  be  for 
Orbiter  state  prediction  and  will  use  the  following 
configuration  parameters: 

VEH  MASS  * PRED  ORB_MASS 
CD  n PRED  ORB  CD 
AREA  s PRBD_0RB_ARBA 

The  values  of  PRED_ORB_MASS , PRED_ORB_CD  and  P RED_ORB_  ARE  A to 
be  used  will  be  determined  by  that  prinoipal  funotion  which 
initiates  a call  to  the  Onorbit  prediotor. 

If  in  the  test  of  ATM,  ATM  does  not  equal  1,  the  ensuing 
drag  computation  will  be  used  for  a target  vehiole  state 
propagation  or  prediction  mode.  The  following  configuration 
parameters  will  be  set: 

VEH _M ASS  s TARGET  MASS 
CD  s TARGET  CD 
AREA  = TARGET_AREA 

Here  TARGET_MASS,  TARC£T_CD  and  TARGET_AREA  are  mission  depen- 
dent parameters  (I-LOAD  parameters  - section  4.7). 

(2)  If  in  the  test  of  ATM,  ATM  is  not  greater  than  0,  the  computa- 
tion of  drag  will  be  used  for  Orbiter  state  propagation. 

In  the  above  event,  VEH_MASS  and  AREA  will  be  designated  by: 

VEH_MASS  = NAV  CURRJ3RB  MASS 
AREA  s REF_ORB~AREA 

where  NAV_CURR_ORB_MASS  was  set  by  NAV_ONORBIT_RENDEZVOUS  and 
REF  ORB  AREA  is  a design  dependent  parameter  (see  section 

4.77.  " 

The  coefficient  of  drag,  CD,  shall  be  determined  as  follows 
for  Orbiter  state  propagation. 

- First,  V _REL_B0DY , the  vehicle  velocity  vector  relative 
to  the  atmosphere,  but  expressed  in  body  coordinates, 
is  determined  as: 

V _REL_B0DY  = (M_BODYM50)T  V _R 

where  M_B0DYM50  is  the  transformation  matrix  of  body  to 
M50  coordinates  and  V R has  been  determined  in  e. 
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- Next  the  square  of  the  sine  of  the  vehiole  angle  of  attack 
(SA)  will  be  determined  as: 

SA  * ( V_ REL_B0D Y 3 ) 2 / ( V_ REL_BCDY 1 2 ♦ V_REL_BCDY32)  F3 

The  sine  of  the  vehiole  sideslip  angle,  SB,  will  be  deter- 
mined by  the  following: 


9 # |V_RBL_B0W2  |/|I  _R|  F3 

The  sine  of  twloe  the  sideslip  angle  S2B  will  be  determined 
by: 

S2B  * 2.  SB  SQRT  (1.-SB2)  F4 

- The  Orb iter  coefficient  of  drag  CD  may  now  be  determined  as: 

CD  = ((CDF  + CDN  SA  BXP  SHAPE  FACT0R)  (1.-SB)  + CDS  SB  + 

CDA  S2B  SA  ) KFACTOR 

The  vehicle  configuration  constants  CDF , CDN ,EXP_SHAPE_FACTOR , 
CDS  and  CDA  are  design  dependent  parameters  (see  seotion  4.7). 
KFACTOR  is  the  drag  ooeffioient  adjustment  faotor  and  is 
mission  dependent  (see  seotion  4.7)  and  included  as  an  uplink 
parameter  (see  section  4.9).  The  parameter  KFACTOR  is  in- 
cluded to  allow  adjustments  to  the  vehicle  drag  ooeffioient 
due  to  configuration  parameter  uncertainties,  atmospherio  den- 
sity model  deviations  or  other  causes  during  Orbiter  state 
propagation. 


(3)  After  vehicle  parameters  VEH_HASS,  AREA  and  CD  have  been  deter- 
mined by  one  of  the  logic  paths  of  4c(1)  or  of  4c(2)  as 
dictated  by  the  value  of  the  ATM  flag,  a vehicle  drag  accelera- 
tion vector  D In  M50  coordinates  will  be  determined  by: 

D = -0.5  CD  RHO  AREA  | V _R  | V _R  'VEH_MASS  F3 


(4)  If  the  drag  acceleration  D is  being  computed  for  the  Orbiter 
during  state  propagation,  ATMsO,  it  shall  be  stored  in  D JSS 
for  downlist.  ALT,  the  vehicle  altitude  above  the  Earth's 
reference  ellipsoid,  will  be  also  saved  in  ALTjSS  for  downlist. 


1 I 

1 D _SS  = D I 
! ALT  S3  s**ALT  ! 
! “ I 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 
F4  This  equation  shall  be  protected  against  square  roots  of  a negative  number 
(Reference  3.6-4). 
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5.  Finally,  the  acceleration  values  G,  D and  VENT  determined  by  the 
non-spherioal  Earth  gravitational  vehicle  drag,  and  vent  and  thrust 
models,  respectively,  will  be  oombined  with  the  value  of  point  mass 
Earth  gravitational  acceleration  (0  ^CENTRAL)  to  result  in  the  final 
ACCEL_0N0RBIT  function  M50  output  vector. 

ACCEL_0N0RBIT  = Q ^CENTRAL  ♦ Q + D ♦ VENT 

B.  Interface  Requirements.-  The  input  and  output  data  are  shown  in  table 

4. 2. 4. 1.1.  It  should  be  noted  that  ACCEL_0N0RBIT  is  treated  as  a function 
subprogram;  that  is,  the  computed  value  of  the  acceleration  vector  will  be 
returned  and  occupy  the  position  of  the  function  name. 

C.  Processing  Requirements.-  This  function  subprogram  shall  be  performed  eaoh 
time  the  function  name  is  encountered  with  suitable  expressions  for  argu- 
ments such  as: 

ACCEL _0N0RBIT  (GMD ,GMD ,DM,VM,ATM,R,V,T) 

The  ACCEL_ONDRBIT  function  is  used  by  the  following: 

SUPER_G 

ONORBIT_SV_INTERP 
RENDCOV  INIT 
PINES_METHOD 
AVE  RAGE _G_INTEGR ATOR 

D.  Constraints.-  The  currently  functioning  propagator  and  a predictor  may  need 
different  acceleration  models  at  the  same  time.  It  is  therefore  necessary 
that  execution  of  the  acceleration  calculations  be  protected  from  interrup- 
tion by  other  users. 

E.  Supplementary  Information.-  A suggested  implementation  of  the  ACCEL_0N0RBIT 
in  the  fora  of  detailed  flowcharts  may  be  found  in  Appendix  B under  the 
names: 

A CCFL_0N0RB IT  FUNCTION 

ACCEL_EARTH_GRAV  CODE 

ACCEL  ONORBIT  VENT_AND_THRUST  CODE 

SOLAR_EPHEM 

ONORBIT  DENSITY  CODE 

H ELLIPSOID  FUNCTION 

ACCEL  0N0RBIT_DRAG  CODE 

V _REL  FUNCTION 

and  the  following  from  Appendix  C: 

EARTH_FIXED_T0_^0_C00RD  FUNCTION 
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TABLE  4 .2 . 4 . 1 . 1 . - ACCEL_ONORBIT  INPUT/OUTPUT 


1 

Inllst/Outlist 

i 

I 

Internal 

! 

External 

1 Input  Source 

! Output  Destination 

Name 

f 

Name 

1 

I 

ATM 

1 

1 

ATM 

1 

I SUPER  0 

I 

1 

DM 

1 

DM 

1 SUPER  0 

I 

CMD 

I 

GMD 

! SUPER  G 

1 

OHO 

I 

GMO 

! SUPER  G 

I 

VM 

I 

VM 

! SUPER  G 

1 

R 

1 

R IN 

! SUPER  G 

I 

T 

! 

T IN 

! SUPER  G 

i 

V 

f 

I 

V_IN 

! SUPER  G 
! 

! SUPER  G 

! 

1 

ATM 

I 

! 

ATM 

1 

I 

DM 

! 

DM 

1 SUPER  G 

! 

GMO 

! 

GMO 

i SUPER  G 

! 

GMD 

! 

GMD 

i SUPER  G 

! 

VM 

i 

VM 

! SUPER  G 

1 

R 

! 

R FIN 

! SUPER- G 

1 

T 

! 

T FIN 

! SUPER  G 

1 

I 

! SUPER  G 

! 

V 

1 

V_IN 

! SUPER  G 
t 

! ONOHBIT  SV  INTERP 

f 

ATM 

I 

1 

IATM 

1 

1 

DM 

i 

IDM 

I ONORBIT  SV- INTERP 

I 

GMD 

I 

IGD 

I ONORBIT  SV  INTERP 

! 

GMO 

t 

IGO 

! CNORBIT  SV  INTERP 

! 

VM 

! 

IVM 

I ONORBIT  SV- INTERP 

! 

R 

! 

R RESID 

! ONORBIT  SV  INTERP 

1 

T 

! 

T RESID 

1 ONORBIT  sV  INTERP 

! 

V 

I 

V _ RES  ID 

! ONORBIT  SV  INTERP 
! 

1 REND  COV  I NIT 

1 

| 

ATM 

! 

i 

ATFL  OV 

1 

! 

DM 

! 

IDRAG 

! REND- COV  I NIT 

! 

IGD 

1 

IGD 

! REND  COV  INIT 

! 

ICO 

1 

IGO 

! REND  COV  INIT 

t 

VM 

1 

IVENT 

! REND  COV- INIT 

1 

R 

! 

R FILT 

1 REND  COV  INIT 

! 

T 

I 

T LaST  FILT 

1 REND  COV  INIT 

1 

V 

1 

1 

V _FILT 

! REND  COV  INIT 
1 

1 

1 

! 

! 

I 

1 

I 

1 

1 

! 

! 

1 

! 

! 
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TABLE  4.2.4. 1.1.-  ACCEL_ONORBIT  INPUT /OUTPUT.-  Continued 


Inllst /Out list 

I 

1 

1 

! 

Internal 

1 External 

~l  Input  Source 

1 Output  Destination 

Name 

1 Name 

f 

I 

ATM 

1 

i ATFL  TV 

! 

1 FEND  COV  INIT 

1 

1 

DM 

1 DFL 

! REND  COV  INIT 

! 

IOD 

! GM  DEG 

1 FEND  COV  INIT 

! 

IGO 

! GM  ORD 

1 REND  COV  INIT 

1 

R 

i R TV 

1 REND  COV  INIT 

! 

T 

I T TV 

! REND” COV- INIT 

I 

VM 

! VFL  TV 

1 REND  COV  INIT 

t 

V 

1 V TV 
1 " 

1 REND  COV  INIT 
1 

! PINES  METHOD 

1 

f 

ATM 

1 ATM 

X 

! 

DM 

1 DM 

1 PINES  METHOD 

I 

(HD 

! GMD 

1 PINES  METHOD 

I 

GMO 

! GMO 

t PINES  METHOD 

! 

T 

I T ACCEL 

! PINES  METHOD 

I 

VM 

! VM 

! PINES  METHOD 

! 

R 

! x1to3 

! PINES  METHOD 

1 

V 

t Xi|to6 

1 PINES  METHOD 
! 

! AVERAGE  G INTEGRATOR 

t 

| 

ATM 

1 ATFL  OV 

1 

DM 

! DFL  AVG 

! AVERAGE  G INTEGRATOR 

1 

IGD 

! GM  DEG  LOW 

1 AVERAGE  G— INTEGRATOR 

1 

IGO 

! GM  ORD  LOW 

! AVERAGE  G INTEGRATOR 

1 

R 

! R AV 

! AVERAGE  G INTEGRATOR 

1 

T 

! T STATE 

1 AVERA®  G INTEGRATOR 

! 

V 

! V AV 

! AVERAGE  G INTEGRATOR 

! 

VM 

1 VFLTV  PRED 

1 AVERAGE  G INTEGRATOR 
I 

! A VERA®  G INTEGRATOR 

! 

1 

ATM 

! ATFL  OV 

i 

DM 

1 DFL  AVG 

i AVERAGE  G INTEGRATOR 

i 

IGD 

1 GM  DEG  LOW 

1 AVERAGE  G INTEGRATOR 

f 

IGO 

! GM  ORD  LOW 

! AVERAGE  G INTEGRATOR 

i 

R 

1 R AV 

! AVERA ® G INTEGRATOR 

! 

T 

! T IMU 

! AVERA®  G INTEGRATOR 

V 

I V AV 

1 AVERA®  G INTEGRATOR 

! 

VM 

t VFLTV  PRED 

1 AVERAGE  G INTEGRATOR 

I 

! 

! 

! 

! 

! 

! 

! 

1 

1 

! 

! 

! 

1 

! 

! 

! 

! 

i 
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TABLE  4. 2. 4. 1.1.-  ACCEL  ONORBIT  INPUT /OUTPUT.-  Continued 


1 

1 Variable  Name 

1 

1 

1 Input  Source 

I 

t 

t Output  Destination 

1 

! 

1 

1 ABM(K  i 1 to  2) 

! •• 

1 

1 

! 

1 

! ALT  L 

! •• 

I 

1 

! 

1 

1 BM 

1 H 

1 

1 

! 

! 

I C 

1 *• 

1 

I 

1 

! 

! CBD1 

| N 

! 

1 

! 

1 

! C8D2 

) « 

I 

I 

! 

I 

! CBM2 

! •• 

1 

I 

! 

! 

! CDA 

1 •• 

I 

J 

I 

1 

1 CDEC1 

! SOLAR  EPHEM 

! 

! 

1 

f 

1 C DEN  SEA 

1 •• 

t 

i 

1 

! 

! CDF 

! •» 

I 

i 

! 

! 

1 CDN 

! •• 

1 

! 

1 

t 

I CDS 

I M 

! 

! 

1 

t 

f COS  LAG 

| M 

! 

1 

! 

t 

! COS  SOL  RA 

i SOUR  EPHFM 

1 

1 

! 

! 

1 t 

! EARTH  FIXED  TO  M50 

! 

1 

! COORD (T) 

! 

! EARTH  MU 

! •• 

f 

1 

! 

I 

1 EARTH  RADIUS  GRAV 

! M 

! 

! 

1 

! 

1 EXP  SHAPE  FACTOR 

1 •• 

! 

! 

! 

1 

1 GDIE 

! •• 

! 

! 

! 

! 

1 

1 

I 

•See  P.F.  I/O  tables  of  secti 
••Initialization  parameters,  s 
tThe  function  value  of  EARTH 
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TABLE  ACCEL  ONORBXT  INPUT /OUTPUT.-  Continued 


Variable  Name 

1 

1 Input  Souroe 

1 

~r 

t 

i 

Output  Destination  ! 

KFACTOR 

1 

I ••,• 

• 

i 

i 

M_B0DYM50 

1 MVJJNOHBITJffiNDEZVOUS 

I 

1 

• 

NAV_CURR_ORB_MASS 

1 ONORBIT  REND  NAV 
1 SEQUENCER, NAV  ONOHAIT 

I RENDEZVOUS 
• 

i 

i 

i 

i 

PRED_ORB_AREA 

I 

| #»• 

I 

s 

I 

i 

PRED_ORB_CD 

1 

| «H 

i 

! 

PRED_ORB_MASS 

! 

1 m 

I 

I 

REF_ORB_AREA 

I 

| H 

i 

I 

I 

• 

RREF 

i •• 

I 

I 

S 

I 

! *• 
i 

I 

1 

I 

SDEC 

i 

1 SOLAR  EPHEM 

I 

I 

! 

1 

SHUTTLE_FILTER_FLAO 

! ft# 

i 

I 

SIN_LAG 

l 

1 •• 

i 

I 

1 

a 

SIN_SOL_RA 

I 

! SOLAR_EPHEM 

X 

i 

1 

TAR®T_AREA 

1 ** 
| 

i 

I 

TARGET_CD 

I 

1 ** 
1 

X 

i 

1 

TARGET_MASS 

| «« 

• 

X 

1 

1 

TFOFF 

! ••,• 

I 

1 

! 

! 

1 

! 

X 

I 

! 

1 

1 

! 

I 

! 

•See  P.F.  I/O  table  of  sections  4.1,  4.2,  4.3,  4.4  and  4.5 
••Initialization  parameters,  see  section  4.7 
•••See  Onorbit  precision  state  prediction  P.F.  I/O 
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TABLE  4.2. 4. 1.1.-  ACCEL.ONORBXT  INPUT /OUTPUT.-  Concluded 


! Variable  Name 

f 

f Input  Source 

1 

I 

I Output  Destination 
1 

I TFON 

! 

1 ••,• 
1 

i 

i 

1 

1 UNHOD  ACC  BIAS 

1 OPS  2 OR  8 INITIALIZE, 

1 

i 

I RENl)  UAV”S&T, 

i 

1 U A BIAS  AND  COVINIT, 

i 

! REND  BIAS  AND  COV  PROP, 

i 

I REMfNAV  ?ILTffR,»” 

! 

• 

I V FORCE 

1 •»,• 
I 

1 

I 

1 

1 ZONAL 

| Ml 

• 

t 

1 

* t 

1 

i 

! AVERAGE  0 INTEGRATOR, 

i 

1 ON ORB IT  SV  INTERP, 

i 

I PINES  METHOD, 

! 

! REND  EOV  INIT , 

I 

! SUPER  G 

! ALT_SS 

1 

I 

f 

8 

| ••• 

! D _SS 

1 

I 

1 

1 

| •«« 
1 

1 C _CENTRAL 

I 

! PINES_METHOD 

! VENT_SS 

1 

1 

B 

1 

| »«« 

| 

! R 

I 

I 

1 

8 

! H_BLLIPSOID , V _REL 

1 V 

! 

1 

1 V _REL 

1 *** 
1 A 

1 

t 

! 

! EARTH  FIXED  TO  M50 

1 

| 

1 COORD  (T),SOLAR_EPHBM 

! t 

1 V _REL 
• 

1 

! 

A 

! t 

I 

1 H ELLIPSOID 

! 

i 

! 

1 

1 

i 

i 

! 

! 

*See  P.P.  I/O  tables  of  sections  4.1,  4.2,  4.3,  4.4  and  4.5 
""Initialization  parameters,  see  section  4.7 
•••See  P.P.  I/O  tables  of  section  4.2 
lOnly  the  value  of  the  function  is  passed 
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4.2. 4. 1.1.1.  Altitude  above  the  reference  ellipsoid  (H_ELLIPSOID) : Altitude 

above  the  Earth’s  referenoe  ellipsoid  in  M50  coordinates  will  be  deterained 

using  the  H_ELLIPSOID  funotlon. 

A.  Detailed  Requirements.-  Altitude  above  the  Earth's  referenoe  ellipsoid  will 
be  calculated  eaoh  tine  the  statement  HJELLXPSOID  (R)  is  encountered.  Here 
R is  the  vehlole  M50  position  veotor.  The  value  of  altitude  above  the 
Berth's  referenoe  ellipsoid  will  be  deterained  using  the  following: 

HJJLLIPSOID(R)  « 

(1  - HLLIPT)  EARTH_RADIOS_BQOATOR 
|R  | - — - — F4 

Vi  ♦ ((1-ELLIPT)2  - 1)  (1  - (UNIT(R)  • EARTH  POLE)2) 

where  ELLIPT , EARTH JRA  DIUS JBQOATOR , and  RARTHJPOLB  are  constants  defined  in 
seotion  4.7  (Initialization  parameters).- 

B.  Interface  Requirements.-  The  input  and  output  data  are  shown  in  table 
4. 2. 4. 1.1.1.  It  should  be  noted  that  only  the  value  of  HJELLXPSOID  is 
passed . 

C.  Processing  Requirements.-  The  H_ELLIPSOID  function  will  be  prooessed  eaoh 

time  the  funotlon  name  is  encountered  with  a suitable  expression  for  the 
argument  such  as:  H_ELLIPSOID  (R).  The  H_ELLIPSOID  function  is  used  by  the 

following.  " “ “ 

ACCELjONORBIT 

D.  Constraints None 

E.  Supplementary  Information.-  A suggested  implementation  of  the  H_ELLXPSOXD 
funotlon  in  the  form  of  a detailed  flowchart  may  be  found  in  Appendix  B 
under  the  name: 

H ELLIPSOID  FUNCTION 


F3  This  equation  shall  be  protected  against  division  by  zero  (Referenoe  3.6-3). 
F4  This  equation  shall  be  protected  against  square  roots  of  a negative  number 
(Referenoe  3.6-4). 


I 
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TABLE  4. 2. 4. 1.1.1.-  H ELLIPSOID  INPUT/OOTPOT 


I 


! 

I 


I 


u 

* 

i 


1 Inllst/Outlist 

1 Internal  1 External 

1 Name  1 Name 

_! 

! Input  Source 

1 

1 

I Output  Destination 
1 

I 

1 R 

! 

1 R 

! 

! ACCEL  ONORBIT 

1 

1 

1 " 

1 

f TOHOFBIT  DENSITY 

I 

I 

1 

• 

1 CODE)  " 

a 

I 

• 

| 


: j 


i 
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TABLE  4. 2.4. 1.1.1.-  H ELLIPSOID  INPOT/OUTPUT.-  Concluded 


Variable  Name 


Input  Souroe 


Output  Deatlnatlon 


EARTH _POLE 

EARTHJRADIOSJSQOATOR 

ELLIPT 

+ 


ACCEL  ONORBIT 


'i 


“Initialization  parameters,  see  section  4.7 
tThe  value  of  H_ELLIPSOID  only  is  passed  to  output  destination 


79FM10 


4. 2. 4. 1.1. 2 Barth  relative  velocity  computation  (V  R&H  The  Velocity  vector 
relative  to  the  Earth  but  expressed  in  160  coordinates  will  be  determined  using 
the  V_REL  funotion. 

A.  Detailed  Requirements.-  the  funotion  is  activated  whenever  the  statement 
V_REL(V,R)  is  encountered.  The  function  arguments  are  the  M50  velocity 
vector  (V)  and  M50  position  veotor  (8).  The  vector  V_REL  is  determined  by 

the  following:  “ ■ ! 

* 

V_REL(V,R)  a V - EARTH JRATE  ( RARTH_POLB  X R) 

where  EARTH_RATB  and  EARTH  POLE  are  constants  defined  in  section  4.7 
(Initialization  parametersT. 

B.  Interface  Requirements.-  Tne  input  and  output  data  are  shown  in  table 

4. 2. 4. 1.1. 2.  It  should  be  noted  that  only  the  value  of  VJSHSL  is  passed* 

C.  Processing  Requirements.-  The  V_REL  funotion  will  be  processed  each  time 
the  function  name  is  encountered  with  a suitable  expression  for  the  argu- 
ments suoh  as  V_REL(V,R) . The  V_REL  function  is  used  by  A CCBL_ONORBIT 

D.  Constraints ■-  None 

E.  Supplementary  Information.-  A suggested  implementation  of  the  V_REL  func- 
tion in  the  form  of  a detailed  flowchart  may  be  found  in  Appendix  B under 
the  name: 


V REL  FUNCTION 


> 


) 
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I 

! 


I 


i 

I 


o 

o 


i 

l 
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TABUS  4,2 *4.1 .1 ,2.-  V REL  INPOT/OUTPOT  ^ 


79PH10 


Internal 
Name 


Inllat/Outliat 


External 
Name 


Input  Souroe 


Output  Destination 


R 


ACCEL  ONORBIT 
TaCCEL  ONORBIT  DRAG 
CODE)  ” 


V 


ACCEL  ONORBIT 
TACCEL'  ONORBIT  DRAG 
CODE)  ~ 


( 
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TABUS  4.2.4. 1. 1.2. -V  SSL  INPUT/OUTPUT Concluded 


Variable  Hama 


JARTHPOLB 

EARTH_RATE 

t 


I 


T 


Input  Souroa 


I Output  Destination 


JL 


M 


ACCEL  ONORBIT 
(ACCEL  ONORBIT  DRAG 
CODEf 


••Initialization  parameters,  see  section  4.7 
tV  _REL  value  only  is  passed  to  output  destinations 


o 


u 


< ) 


n 


% 
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4.2.4. 1.1.3  So  larephemer  is  model(SQLARJEPHEM) 

Output  from  the  solar  ephemeria  model  will  provide  sine  and  cosine  funotlons  of 
the  solar  right  asoenslon  and  declination.  These  outputs  are  to  he  used  In  the 
acceleration  models  (ACCBL_ONORBIT)  for  determination  of  atmospheric  density  and 
In  position  and  velocity  state  propagation  (OlTOI®K_RBND_RJf_  STATS  JPRQP)  for 
computation  of  a unit  vector  from  earth  oenter  to  the  center  of  the  sun  in  MSO 
coordinates  to  be  available  for  the  universal  pointing  processing  principal 
function. 

A.  Detailed  Requirements. 

The  solar  ephemeria  aubfunotion  shall  be  invoked  whenever  the  ( 

following  statement  is  encountered : \ 

CALL:  SOLARBPHEM 

IN  LIST:  T ' 

i 

OUT  LIST:  SDBC , CDEC1 ,00SJi0L>J1A  ,SINJ30LJRA  | 

i 

where:  j 

I 

CDEC1  a oosine  of  the  solar  deollnatlon  ! 

COS_SCL_RA  8 oosine  of  the  solar  right  asoenslon  j 

SPEC  8 sine  of  the  solar  declination  j 

SIN_SOL_RA  8 sine  of  the  solar  right  asoenslon 

T *~time  of  desired  ooaputation  j 

i 

The  SOLAR_EPHEM  aubfunotion  will  initiate  the  following  calculations  in  the 
indioated“order: 

j 

1.  The  longitude  of  the  Sun  in  (60  coordinates,  LOS,  will  be  determined  as  1 

LOS  8 LOSJSERO  + T LOS  JR  - LOC  SIN(T  OMBQ_C  ♦ PHASE  J3) . P9 

■ . | 
Here,  LOS_ZBRO ,LOS_ R , LOS , 0MEG_C  and  PHASE_C  are  design  dependent 
parameters  (see  seotion  4.7).“  ” | 

2.  The  sine  and  oosine  of  the  solar  deollnatlon  SDSC  and  CDSC1  are 
oaloulated  by 

SDEC  8 L0SJC3  SIN(LOS) 

CDEC1  8 SQRT(  1 . - SDBC2) 

i 


F9 

F4 


F4  'Diis  operation  shall  be  protected  against  square  roots  of  a negative  number 
(Referenoe  3.6-4). 

F9  This  equation  shall  be  protected  against  return  value  of  sine  or  oosine  with 
magnitude  greater  than  unity  (Referenoe  3.6—9). 
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3.  The  cosine  and  sins  of  the  solar  right  asoension  are  determined  by 

003  SOL  RA  a COS( LOS) /ODBC  1 P9.F3 

SI(fSOL~RA  * L0SK1  SIN(L0S)'CBBC1  F3 

L0SK1  and  L0SK3  are  design  dependent  parameters  (see  aeotion  4*7) « 

B.  Interface  Requirements.  The  input  and  output  required  of  the  SOLAR_BPHBM 
sutiunotlon  are  listed  in  table  4. 2. 4. 1*1. 3. 

C.  Prooeasina  Requirements.  The  SOLAR_KPHEN  subfunotion  shall  be  oalled  by  the 
acceleration  subfunotion  program  ACCEL  0N0R8IT  and  the  ONORBIT  REND 
R_V_STATE_PROP . 

D.  Constraints.  None 

B.  Supplementary  Information.  A suggested  implementation  of  the  SQLARJSPHEM 
function  in  the  fora  of  a detailed  flowchart  may  be  found  in  Appendix  B 
under  the  name: 

SOLAR  EPHEM 


F3  This  equation  shall  be  protected  against  division  by  zero 
Reference  3.6-3). 

F9  This  equation  shall  be  protected  against  return  value  of  sine  or  cosine 
with  magnitude  greater  than  unity  (Reference  3.6-9). 
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TABLE  4.2.4. 1.1. 3-  SOLAB_EPHBM  INPUT/OOTPOT 
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Inllat/Outlist 

Internal  I External 

Name \ Maine 

I 

T I T 

I 

T I T_CORRENT 

! FILT 
I 

CD6C1  I CDEC1 

I 

COS  SOL  RA  I OOS  SOL  RA 
! 

SDEC  t SDEC 

I 

SIN  SOL  RA  ! SINJSOL  RA 
I 

CDEC1  1 CDS Cl 

! 

I 

OOS  SOL  RA  1 COS  SOL  RA 
! 

! 

SDEC  ! SDEC 

! 

! 

SIN_SCL  RA  ! SIN_SOL_RA 
I 
! 
f 
I 
I 
i 
I 
I 
! 

! 

I 

I 

I 

I 

i 

! 

I 

! 

I 

! 


Input  Sou roe 


ACCEL_ONORBIT 

GNORBIT  REND  R V 
STATE  PROP 


I Output  Destination 
I 

1 


ACCEL JJNORBIT 

ACCELjONORBIT 

ACCEL_ONORBIT 

ACCELJONORBIT 

ONORBIT  REND  R V 
STATEjPlOP 

ONORBIT  REND_R  V 
STATE _PROP 

ONORBIT  REND  R_V 
STATE_PROP 

ONORBIT  REND  R V 
STATE  PROP 
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TABLE  4. 2. 4. 1.1. 3. (Concluded)-  30LAR_BPREM  INPUT/OUTPUT 


1 

1 Variable  Name 

1 

! 

i Input  Source 

t 

J 

I Output  Destination 

1 

1 LOC 

! 

1 ** 

| 

| 

1 L0SK1 
| 

1 

! M 
1 

1 

1 L0SK3 

! ** 
i 

I 

1 

| 

| 

I LOS_R 
1 

i 

1 ** 

A 

1 

! 

1 

1 LOS  ZERO 

t 

I 

| •• 
t 

i 

• 

1 

1 OMEQ_C 

I 

| ff« 

I 

i 

1 

1 PHASE  C 

I 

1 W 

I 

1 

••  Initialization  parameters,  see  section  4,7 
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4.2.5  Unmodeled  Acceleration  State  and  Covarianoe  Matrix  Propagation 
( REND  JklAS -AND -COlLJROiFT 

The  unmodeled  acceleration  state  and  oovarianoe  matrix  propagation  subfunotion 
will  be  exeouted  only  during  the  rendezvous  navigation  phase  and  will  be  sched- 
uled by  the  Onorbit/Rendezvous  control  subfunotion,  QN0RBIT_R!5NDEZV0US_NAV , at 
an  NjCYCLE  multiple  of  the  state  propagation  rate.  The  rate  at  which  this 
subfunotion  is  executed  will  be  oalled  the  filter  suboyole  rate.  The  following 
tasks  will  be  perforated  during  eaoh  execution. 

- If  IMU  sensed  accelerations  were  used  at  any  time  during  the  previous 
oovarianoe  propagation  interval  but  are  not  used  at  all  during  the  our- 
rent  propagation  interval,  or  if  IMU  sensed  accelerations  were  not  used 
at  all  during  the  previous  oovarianoe  propagation  interval  but  are  used 
at  some  time  during  the  ourrent  propagation  interval,  then  the  unmodeled 
acceleration  bias  vector  as  well  as  the  unmodeled  aooeleration  portions 
of  the  oovarianoe  matrix  are  reinitialized. 

- The  unmodeled  acceleration  bias  veotor  will  be  propagated  to  ourrent  time 
as  an  exponentially  correlated  random  variable  (ECRV). 

- A 13-by-13  oovarianoe  matrix,  E,  shall  be  propagated  to  ourrent  time 
by  using  a state  transition  matrix. 

- Additive  process  noise  will  be  incorporated  into  the  oovarianoe  matrix  to 
aocount  for  unmodeled  state  and  dynamio  errors. 

- Finally,  a flag  (NAV_MEAS)  is  set  to  ON,  to  allow  measurement  incorpora- 
tion, only  if  the  magnitude  of  the  IMU  sensed  aooeleration  veotor  is 
below  a design  dependent  threshold. 

The  13-by-13  state  transit  on  matrix  $ is  mathematical ly  defined  as  the  par- 
tial of  the  ourrent  state  with  respect  to  the  previous  state.  For  propagation 
of  the  filter  vehicle  oovarianoe  matrix,  $ will  be  formulated  as  shown  below. 


♦ * 


PHI  6x9 


! 

°3x6  i P®_UNMOD_ACC 


! 


0*4x6  * 0*4x3 

! 


°3x*4 


°3x*4 


°3x4 


PHI_BIAS 

State  Transition  Matrix  Composition 
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The  submatrioes  4>i  to  9,  10  to  13*  $7  to  9,  1 to  6»  $10  to  13,  1 to  9 
are  null  natrioea. 

The  state  noise  matrix,  NOISE,  shall  be  formulated  as  show)  below.  The  matrix 
is  to  be  used  to  aooount  for  unmodeled  state  errors,  unmodeled  aooeleration  ' 
errors,  and  sensor  bias  errors. 


NOISE  a 


1 

1 

1 

* 8 6x6 

1 

J 0 6*3 
1 

! 

JO 
_! 

6x4 

• 0 3x6 

! 

1 S UNMOD  ACC 
! 

1 0 
1 

3x4 

* 0 4x6 

1 

1 0 4x3 

1 

1 

IS 

!~  ’ 

BIAS 



State  Noise  Matrix  Composition 

The  submatrioes  NOISE  i to  6,  7 to  13,  l*0131  7 to  9,  10  to  13,  1,0188  7 to  9,1  to  6* 
and  NOISE  to  13,  1 to  9 are  01111  matrices. 

The  above  formulations  for  both  the  state  transition  and  the  state  noise 
transition  matrices  were  made  for  clarity  and  code  effioienoy. 


The  unmodeled  acceleration  state  and  covarianoe  matrix  propagation  subf unction 
will  also  propagate  the  unmodeled  aooeleration  bias  states  as  BCRV's. 


A.  Detailed  Requirements.-  The  following  steps  shall  be  performed: 

1.  If  there  has  been  a change  in  the  value  of  the  COV_PWRD_FLT  flag 
( C0V_PWRD_FLT  = ON  indicates  that  the  sensed  delta_velocity  has 
exceeded  a threshold  value  sinoe  the  previous  covariance  propagation 
cycle)  sinoe  the  last  filter  oyole,  then  reinitialize  the  unmodeled 
acceleration  states. 

a.  EXECUTE:  UNMOD  ACC  RE IN IT  CODE 


O)  Zero  the  unmodeled  acceleration  state  portions  of  the 
covariance  matrix. 

8 7 to  9,  1 to  13  * °*° 

E 1 to  13,  7 to  9 * °-° 

(2)  Set  up  the  time  constants  and  variances  as  a function  of 
the  OOVJPWRD_FLT  flag. 

- If  the  sensed  delta  velocity  is  above  the  threshold 
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<CW  mo  FLT  * ON),  tlttn  " 

TAU  UHMOEACC  COV  * TAD  0 A PWRD  fit 
VA S” UNMOD_ACC"' « VAR  0 A_PWRD  PLT 
OOV'aCCBLIUVW^INIT  I <20VJJjfPWRD_PLT 

- If  the  sensed  delta  velooity  is  less  than  op  equal  to  the 
threshold  (COV_PWRD_FLT  ■ OFF),  then 

TAU  UNMOD  ACC  COV  « TAD  0 A COAST 
V Ajf"UNMOD~A  CC~=  VAB  0 A~c5aST 
|OV”ACCBirOW.Ilfit  I OOVjJ^AJBAST 

(3)  Reinitialize  the  unmodeled  aooeleration  biases  and  the 
unmodeled  aooeleration  slots  of  the  oovarianoe  matrix. 

- If  the  Shuttle  is  the  filter  vehiole  (SHUTTLBJFILTER_FLAG 
= CM),  then 

CALL:  U A BIAS  AND  COV IN IT 
IM  LIST:”  R _FILT,  V _FILT 

(Refer  to  section  4.2.5. 1 for  detailed  requirements.) 

If  the  target  is  the  filter  vehiole  (SHUTTLB_FILTER_FLAG 
a OFF),  then  “ “ 

CALL:  0_A  BIAS  AND  COVINIT 

IN  LIST"  R _tv7  V JTV 

(Refer  to  section  4.2.5. 1 for  detailed  requirements.) 

(4)  Save  the  last  value  of  COV  PWRD  FLT. 

CO V_PWRD_FLT_LAS  T « COV_PWRD_FLT 

2.  Compute  the  change  in  time  sinoe  the  last  covariance  propagation 
suboycle 

DT_COV  « T_CURRENT_FILT  - T_COV_LAST 

where  T_COV  LAST  is  the  time  of  the  last  oovariance  matrix  propagation 
suboycle.  Xlso  TOT_ACC,  the  total  aooeleration  vector  for  the  Shuttle, 
shall  be  oaloulated  for  use  in  the  state  vector  interpolation  routine 

TOT_ACC  * G _NBW  + DV_COV/DT_COV  F3 

where  DV_COV  is  the  total  accumulated  sensed  delta  velocity  since  the 
time  of  the  last  oovarianoe  matrix  propagation  suboycle  and  G _NEW  is 
the  Shuttle  acceleration  veotor. 


F3  This  equation  shall  be  protected  against  division  by  sero  (Reference  3.6-3). 
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3.  The  SHU TTLB_FILTER_ FLAG  is  tested  to  determine  Whioh  vehiole  is  used 
to  oaloulate  the  (Phy-6  submatrix,  PHI,  to  6,  1 to  6 (♦!  to  6,  1 to  6)» 
composed  of  the  filter  vehiole  position  and  velooity  portion  of  the 
total  state  transition  natrlx.  This  suboatrix  is  oaloulated  by  calling 
the  mean  oonio  partials  subfunotion  (described  in  aeotion  4.2.5. 2). 

a.  If  the  Shuttle  is  the  filter  vehiole 
( SHUTTLE_ F ILTR R_ FLAG  a ON) 

(1)  CALL:  MEAN__CONIC_PABTIAL_TRANS  ITI01f_MATHlX_6x6 

IN  LIST:  n LAST,  V LAST,  TOT  ACC  LAST,  R FILT,  V PILT, 

ToT_acc,  CTjCOV  " “ ~ 

OUT  LIST:  PHI,  to  6,  1 to  6 

(2)  Compute  a UVW  to  mean  of  1950  transformation  matrix  for  the 
Shuttle  for  use  in  the  state  noise  formulation. 

MAT  8 UVW_T0_M50  (R  _FILT  ,V  _FILT) 

(Refer  to  section  4.10.10  for  a detailed  description.) 

The  current  inertial  Orbiter  vehiole  acceleration  shall  be 
saved  for  the  next  filter  suboyole 

TOT_ACCLAST  * TOT_ACC 

b.  If  the  target  is  the  filter  vehiole 
(SHUTTLE_FILTER_FLAG  s OFF) 

(1)  CALL:  «AN_CONIC_PARTIAL_TRANSmON_MATRIX_6x6 

IN  LIST:  R TV  LAST,  V TV  LAST,  0 TV  LAST,  R TV,  V TV, 

o “tv7  DT_C0V  “ 

OUT  LIST:  PHI,  t0  6,  1 to  6 

(2)  Compute  a UVW  to  mean  of  1950  transformation  matrix  for  the  tar- 
get vehiole  for  use  in  the  state  noise  formulation. 

MAT  8 UVW_T0_M50  (R  _TV,V  _TV) 

(Refer  to  section  4.10.10  for  a detailed  description.) 

The  current  inertial  target  vehiole  acceleration  vector  shall 
be  saved  for  the  next  filter  subcycle. 
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4.  Chloulate  a aoalar,  PHI_UNMOD_ACC,  which  will  be  stored  into  the  diago- 
nal eleaenta  of  the  unmodeled  acceleration  blaa  portion  of  the  state 
transition  matrix  (<t>  7 to  9,  7 to  9) 

PHI_UNMOD_ACC  « exp  ( -DT  JXJV/TAUJJNM0DJ1CCJX>V)  P2 

A value  used  to  compute  the  remainder  of  the  PHI  matrix  is  also 
calculated . 

DIAO  > TAO_UNM)D_ACC_COT  (1.  - PHI_OHHOD_ACC) 
where  DIAG  is  in  mean  of  1950  coordinates. 

5.  The  unmodeled  acceleration  bias  states  shall  be  propagated  as  BCRV's  as 
follows: 

ON MDD_  ACCJB  IAS  > e xp  ( -DT_COT  /TAU_URMQD_ACC_STATE  * UNMDD_ACC_BIAS)  P2 

6.  Calculate  a 3-by-3  diagonal  matrix  S_UNMOD_ACC  ( 8OISE7  to  9 7 to  9) 
composed  of  the  unaodeled  acceleration  errors  where 

S UNNOD  AOCi  1 * VAR  UNMQD  ACCi(1.  - PHI  UNMOD  ACC2)  (for  I « 1 to  3) 
S“UNM0D"ACC  > MAT  S”UNM0D“ACC  MATt 


and  MAT  is  the  UVW  to  mean  of  1950  coordinate  transformation  matrix  for 
the  filter  vehicle. 

7.  Calculate  a 6 -by -3  submatrix,  PH1 1 t0  gj  to  9 ^ 1 to  6,7  to  9) • composed 
of  two  3 -by -3  diagonal  submatrices  that  correlate  the  position  and  veloc- 
ity with  the  estimated  unmodeled  accelerations  where 

PHI  i*3, i+6  • MAO 

PHI  1,1+6  « TAU_UNMOD_ACC_COV  (DTJXJV-DIAG) 

(for  I « 1 to  3) 

8.  Calculate  a vector,  PHI_BIAS,  which  will  be  stored  into  the  diagonal 
elements  of  the  sensor  bias  portion  of  the  total  state  transition 
matrix  (*  10  to  13,10  to  13). 

PHI_BIASj  « exp  (-DT_CCV/TAU_SENSI) 

(for  I * 1 to  4)  P2 


F2  This  equation  shall  be  protected  w^ainst  floating  point  underflow  (Ref.  3*6-2). 
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9.  Calculate  a vector,  S _B1AS,  whioh  will  be  stored  Into  the  diagonal 
eleaenta  of  the  sensor'biaa  portion  of  the  total  state  noise  matrix 
(NOISE jo  to  13,10  to  13) 

S.BIJtSl  • VARJSBNSi  (1.  - PHIJIASl2) 

(for  I * 1 to  4) 


10.  Propagate  the  oovarianoe  matrix 
EXECUTE:  PHI_E_PHI_TRANSPOSE  CODE 

T 

a.  TEMPI  to  13,1  to  6 • Bl  to  13,1  to  9 pHI 

E 0 T TEMPj(i*$  ;«  Ejfi+fi  PHI_UNMOD_ACC  (for  lei  to  3,J«1  to  13) 
TC»*J,K*9  8 Bj,k+9  PHI.BIASr  (for  J«1  to  13,K«1  to  4) 

b.  Ei  to  6,1  to  13  * rai  1BMP1  to  9,1  to  13 

$ E ♦ T Ei+6, J « PHIJJNM0D_ACC  TEMPi^J  (for  I»1  to  3,J«1  to  13) 
®K+9,J  * PHI_BIASjj  TEMPK+9fj  (for  Jsl  to  1 3 » K*  1 to  4) 

o.  ♦ E T (E7  to  9,7  to  9 ■ B7  to  9,7  to  9 + 3 WMOD  ACC 
♦ NOISE  i 

lEK*9,K+9  * bK+9,K+9  ♦ s-biasK  (for  Ke1  t0 

d.  If  IMU  sensed  acceleration  data  have  been  used  ( COV_PWRD_FLT * ON ) 
slnoe  the  last  covariance  matrix  propagation  subcycle,  th^n 


(1)  Reset  the  COV_PWRD_FLT  flag 

00V_PWRD_PLT  s OPP  and 

EXECUTE:  PWRD_FLT_N0ISE  CODE 

- Calculate  a 6 -by -6  matrix  S (NOISEi  to  6,1  to  6) 
composed  of  misalinement  errors: 

54.4  « DV_C0V32  ♦ DV_C0V22 

55.5  « DV_CGV i 2 ♦ W_C0V32 

56.6  8 DV_C0Vi2  ♦ DV_C0V22 
Sj4i5  b ^)V_C0V1  W_C0V2 

34.6  8 -DV_C0V i DV_C0V3 
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S5.6  8 

-DV_C0V2 

dv_cov3 

s6,5  s 

s5,6 

s6,4  8 

34,6 

s5,4  8 

s4,5 

s4  to 

6,4  to  6 * 

( VAR_IMU_ALIGN ) 

34  to  6,4  to  6 

S1  to  : 

3,4  to  6 * 

0.5  (DTjCOV)  Sj, 

to  6,4  to  6 

S1  to 

3,1  to  3 * 

0.5  (DT_C0V)  Sy 

to  3,4  to  6 

(2)  Add  the  powered  flight  noise  to  the  oovarianoe  matrix 
E1to6, 1to6  * E1to6,1to6  + 3 

e.  Test  the  flag  NOISY_NAV_MEAS  to  see  if  the  sensed  oontaot  accelera- 
tion has  exceeded  the  measurement  threshold 

(1)  If  NOISY_NAV_MEAS  = ON 

- Reset  NOISY_NAV_MEAS  to  OFF  for  the  next  covariance 
matrix  propagation  subcycle. 

- Reset  the  measurement  ACCEPT/REJECT  counters.  (See  section 
4. 1.2.2. 1.2) 

CALL : DISPLAY_COUNT_  INIT 

(2)  If  N OIS Y_NAV_ME AS  = OFF 

- Set  the  flag  NAV_MEAS  to  ON  so  that  the  sensor  measurements 
may  be  incorporated  on  the  current  filter  subcycle. 

11.  As  a final  step  in  the  covariance  propagation,  the  entire  13-by-13 
covariance  matrix  shall  be  made  synmetric: 

EJ,I  * BI,J  (for  I = 1to12,  J = I+1to13) 

Interface  Requirements .-  The  input  and  output  data  are  shown  in  table  4.2.5. 

Processiaa  Requirements.-  The  subfunction  is  called  by  NAV_ONORBIT 
RENDEZVOUS  (section  *1.2.1). 

Constraints.-  Either  uplinked  or  mission  dependent  data  are  to  be  used  for 
initialization.  The  propagated  matrix  must  remain  symmetric. 

Supplementary  Information . - A suggested  inplementation  in  the  form  of 
detailed  flowcharts  can  be  found  in  Appendix  B under  the  following  names: 


i 


\ 

! 

I 
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PHI  E PHI  TRANSPOSE  CODS 

pwr5  Hr  Boise  gods 

RSND  BIAS  AND  COV  PROP 
UHHOD  ACC'RSlBrr  CODE 
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TABLE  4.2,5.-  REND_8XAS_AND<>CaV_PR0P  INPUT/OUTPUT 


Variable  Nana 


oovjicceljjvwjnit 

COV_PNHD_FLT 

OOV_PWRD_FLT_LAST 
ODV_U_A_COAST 
00  V_U_A_PWRD_FLT 
DV_C0V 

e 


G_NEW 
0 _TV 

0 _TV_LAST 
NOISY_NAV_MEAS 

PHI^o6,1to6 

R FILT 


I Input  Souroe 

t NAV  ONORBIT  RENDEZVOUS , 

I » “ 

I * 


I 

, »» 

I 

I NAV  ONORBIT  RENDEZVOUS, 
i COV" LAST  RESET,* 

! 

! COVINIT  UVW, SETUP, 

I REND  NAV  FILTER, 

! REND“OOV“lNIT  ,U  A BIAS 
I AND  COVINIT,* 

I 

! 'N  ORB  IT  REND  R V STATE 
I PROP , SUPER  Q 
I 

I ONORBIT  REND  R V STATE 
I PROP 
I 
I 

I REND  COV  INIT,* 

I 

! 

I NAV  ONORBIT  RENDEZVOUS, 
I • ” 

l 

I MEAN  CONIC  PARTIAL 

i transition-matrix  5x6 

I 

I ONORBIT  REND  R_V  STATE 

I PROP 

t 

I 

l 

I 

I 


Output  Destination 


U A BIAS  AND  COVINIT 

mm  mm  mm  mm 


REND _HAV_FILTER , * 


MEAN  CONIC  PARTIAL 
TRANSITION  MATRIX 
6x6 

MEAN  CONIC  PARTIAL 
transition jiatri  x_5x6 


MEAN  CONIC  PARTIAL 
TRANSITIQN’MATRIX  5x6, 
UVW  TO  M507u  A BIAS 
AND_CO?INIT 


i 

i 


i 


a 

\ 


i 

3 


4 

* 


•Onorbit/Rendezvous  principal  function,  saa  aaotlon  4.2 
••Initialization  parameters,  see  seotion  4.7 
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TABLE  11.2.5.-  REND_B IAS_  AND_COV_P ROP  INPUT /OUTPUT.-  Continued 


Variable  Name 


! Input  Souroe 


SETUP 


I Output  Destination 


ONORBIT  REND  R V STATE  ! MEAN  CONIC  PARTIAL 
PROP  ” ” ! TRANSITION- MATRIX  3x6, 

! UVW  TO  M507U  A BlSS 
! AND  COTINIT 
I 

COV  LAST  RESET,*  ! MEAN  CONIC  PARTIAL 

I TRANSITION-MATRIX  5x6 
! 

ONORBIT  REND  R V STATE  I MEAN  CONIC  PARTIAL 
PROP  - “ ! TRANSITION-MATRIX  5x6, 

I UVW  TO  M507U  A BIAS 
I AND” COTINIT 


COV_LAST_RESET , • 


UVW  TO  M50 


MEAN  CONIC  PARTIAL 
TRANSITION-MATRIX  5x6 


MEAN  CONIC  PARTIAL 
TRANSITION” MATRIX_5x6, 
ONORBIT  SV^INTERP,* 


0 


•Onorbit/Rendezvous  principal  funotion,  see  seotion  4.2 
**Initlallzation  parameters,  see  seotion  4.7 
tValue  returned  from  the  funotion 
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TABLE  4.2.5.-  REND_BIASmAND_COV_PROP  INPUT/OUTPUT.-  Concluded 


Variable  Name 

1 

1 

Input  Souroe 

1 Output  Destination 
1 

NAV_MBAS 

I 

i 

f 

1 

I NAV_ONORBIT_RENDEZVOUS 
| *“  ““ 

TOT__ACC 

I 

1 

1 

1 

1 MEAN  CONIC  PARTIAL 
1 TRANSITION- MATRIX  “ 

1 6x6, REND  NAV  INTERP ,• 

■Onor bit /Rendezvous  principal  function,  see  section  4.2 
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4.2.5. 1 Unmodeled  Acceleration  Bias  and  Covarianoe  Initialization 
( U_A_BI  AS_AND_C0V  I NIT ) 

The  initialization  subfunotion  initializes  the  unmodeled  aooeleration  bias 
states  and  the  corresponding  elements  of  the  covarianoe  matrix  whenever  the 
covarianoe  matrix  is  reinitialized  or  whenever  the  unmodeled  acceleration  bias 
and  covarianoe  propagation  subfunotion  has  deteoted  a change  in  the  value  of  the 

flag  COV_PWRD_.FLT , which  indicates  whether  the  magnitude  of  the  IMU  sensed  ac- 
celeration has  exoeeded  the  threshold  value  DA_THxESHOLD  on  the  ourrent  covarianoe 
propagation  subcyole. 

*•  fcHM.WOTiftiN  *•  “UKl  Blth  *“  f01101'1"®  lnt,1‘ 

IN  LIST:  R,V 

where  R and  V are  the  input  position  and  velooity  vectors  of  the  filter  vehi- 
cle in  mean  of  1950  coordinates* 

The  following  steps  shall  be  performed  (in  the  order  indicated): 

1.  Zero  the  unmodeled  acceleration  bias  states 

UNMQD_ACC_BIAS  = 0. 

2.  Compute  the  UVW  to  mean  of  1950  coordinate  transformation  matrix 

M_UVW_M50  = UVW_T0_M50  (R,V) 

(refer  to  section  4.10.10  for  a detailed  description). 

3.  Initialize  the  unmodeled  acceleration  bias  slots  of  the  oovariance 
matrix  to  initial  UVW  values  and  transform  to  mean  of  1950  coordinates* 

EI+6,I+6  s C0V_ACCEL_UVW_INITI  (for  I * 1 to  3) 

B7to9,7to9  8 MJIWK50  B7to9Jto9  M_UVW_M50  T 

B.  Interface  Requirements.  The  input  and  output  data  are  shown  in  table 
4 .2. 5.1. 

C.  Processing  Requirements.  This  subfunction  is  called  by 

REND  BIAS  AND  C0V_PR0P  (section  4.2.5)  and  by 
COVINITJJVW  “ (section  4. 1.2. 2. 1.1) 

D.  Constraints.  Mission  dependent  (IL0AD)  data  are  used  for  initialization. 

E.  Supplementary  Information.  A suggested  implementation  in  the  form  of  a 
detailed  flowchart  may  be  found  in  Appendix  B under  the  name  of  U_A_BIAS_ 

AND  C0V1NIT. 
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TABLE  U_A_BIAS. AND_COVINIT  INPUT/OUTPUT 


Inlist /Outlist 


Internal 


External 


Input  Source 


Output  Destination 


R 

V 

R 

V 

R 

V 


R 

V 

R FILT 

V “FILT 

R TV 

V “TV 


COVINIT  UVW 
COVINITJIVW 

REND  BIAS  AND  COV  PROP 
rend“bias“and“cov”prop 

REND_BIAS  AND  COV  PROP 
REND  BIAS“AND"C0V~PR0P 


jt 

i 


) 


> 
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TABLE  4. 2. 5.1.-  U_A_BIAS_AND_COVINIT  INPUT/OUTPUT.-  Conoluded 


Variable  Nana 


Input  Souroe 


COV_ACCEL_UVW_ I NIT 
t 


REND  NAV  INIT, 
IREND“BIAS  AND  COV  PROP 

I 

tUVW  TO  M50 


Output  Destination 


^09,7^9 


REND  BIAS  AND  COV  PROP, 
REND  ~NAV  _FILTiR , •T**1 


M_UVW_M50 

R 


COV INIT  JIVW 
UVW  TO  H50 


UNMOD_ACC_B IAS 


REND  BIAS  AND  COV  PROP, 
ACCEL  ONORBITTREND  NAV_ 
FILTER, »»»,  NAV  ONORBIT 
! RENDEZVOUS 


V 


UVW_T0_f60 


4* 

'Value  returned  from  the  function 

•Onorbit /Rendezvous  principal  function,  see  section  4.2 
•••Onorbit /Rendezvous  Nav  Sequenoer  principal  function,  see  seotion  4.1 
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4.2. 5. 2 Fosition-Velooity  Submatrix  of  the  State  Transition  Matrix 
( MEAN_CONIC_PARTIAL_TRANSITION_MATRIX_6X6 ) 

This  sub function  computes  a 6 by  6 submatrix  (PHI_MC)  of  a larger  state  transi- 
tion matrix  for  use  in  propagating  the  oovarianoe  matrix.  This  subfunotlon  is 
also  invoked  by  the  rendezvous  navigation  interpolation  subfunotlon  for  use  in 
calculating  the  partial  derivative  veotor. 

A.  Detailed  Requirements . This  subfunotlon  is  called  with  the  following  inter- 
nal variables  in  the  INLIST  and  OUTLIST: 

INLIST:  R _0NE,  V _ONE,  G _ONE,  R JWO,  V TWO,  G _TOO,  DELTIM 


initial  position  veotor 

initial  velocity  vector 

initial  total  aooeleration  veotor 

final  position  vector 

final  velocity  vector 

final  total  acceleration  vector 

time  step 


OUTLIST: 

PHI_MC 

where 

R ONE 

V ONE 

G ~ ONE 

R “TWO 

V “wo 
G “TOO 
DELTIM 

The  following  steps  shall  be  performed  (in  the  order  indicated): 

1.  A formulation  is  used  that  assumes  that  a mean  conic  section  may  be  used 
to  describe  the  path  taken  between  the  initial  position  and  velocity 
(R  _0NE  and  V _ONE)  at  initial  total  acceleration  (G  _ONE)  and  the  final 
position  and  velocity  (R  _TWO  and  V _TWO)  at  final  total  acceleration 
(G  _TW0)  over  a time  step  DELTIM. 


The  following  local  variables  are  computed: 


R ONE  INV 
R~TWO  INV 

d“one“ 

d“two 


\J  R ONE 
1./IR  WO 
R 0NE~*  V ONE 
R ~W0  * V TWO 


F3 

F3 


2.  The  ergodic  semi -major  axis  SMA,  is  computed  by  using  the  average  of  the 
reciprocal  of  the  semi -major  axis  derived  from  combination  of  the  respec- 
tive vis-viva  computations  at  the  initial  and  final  orbital  states , and 
is  given  by: 

SMA  = 1./U_0NE_INV  + R_TWO_INV  - (V  _ONE.  • V ONE  + 

V TWO  * V TWO)/ (2.  EARTH  MU)J  " F3 


F3  This  equation  shall  be  protected  against  division  by  zero  (Rofereriqe  3*6-3). 
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where  EARTH_MU  is  the  Barth's  gravitational  constant . The  Stump ff  con- 
stant, Cl,  predicated  on  the  mean  oonio  semi-major  axis,  is  oomputed  by: 

Cl  « SQRT  (SHA)/SQR_EMU  F3,P4 

3.  The  F_AND_Q  subfunotion  is  then  invoked  to  compute  the  P and  0 funo- 
tionsT  tiie  derivatives  of  P and  O,  as  well  as  the  auxiliary  variables 
SO,  SI,  S2  and  S3.  These  quantities  are  fundamental  to  the  computation 
of  the  mean  conlo  transition  matrix. 

CALL:  FJUDJB 

IN  LIST:  SMA,DELTIM,C1 ,R  _ONB,R_ONE_INV,R_TWO_INV,V  _ONE,D_ONB,D_THO 

OUT  LIST:  F,G,FD0T,GD0T,S0,S1,S2,S3,R  _TWO,R_THO_INV, THETA 

For  this  case,  R _THO  and  R_TWO_INV  are  not  updated  since  R_TWO_INV  is 
supplied  as  a non -zero  quantity?  However,  THETA,  the  eooentric~anomaly 
angle,  is  generated  as  an  output  in  any  oase. 

a.  Compute  auxiliary  constants: 

FM1  * F-1 

GDH1  = GDOT-1 

51  s Cl  SI 
C2  a Cl2 

CONST  a C2  (EARTH_MO  C2  (3.  S3  C1-S1  S2)  + G S2) 

52  s C2  S2 

which  represent  conmon  functionals  and  Stump ff  series  summations  for  cir- 
cular or  elliptical  orbits. 

5.  The  partial  derivatives  are  now  calculated.  The  equation  for  the  par- 
tial derivatives  are  written  algebraically  for  clarity,  with  Rq 

representing  R _0NE,  R representing  R _TW0,  representing  V _0NE,  ft 

representing  V _TW0,  RQ  representing  0 _0NE,  R representing  G TWO,  f 

representing  F,  g representing  C,  f representing  FOOT,  g representing 
GDOT  and  U representing  CONST,  as  well  as  having  lower  oase  letters 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 
F4  This  equation  shall  be  protected  against  square  roots  of  a negative  number 
(Reference  3*6-4). 
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representing  tho  so&l&r  nagnltudo  of  the  respective  upper  oase  letter 
veotors. 


PHI_MC1  to  3,  1 to  3 8 5r 

o 


.. '['«i :».:»&] 


- f S2  R 8o  T 

( f “ 1 )3i  • m • • m 

♦ . R R0  T + (f  - 1)  S2  R Rq  T 

ro 

♦ U R RoT  ♦ f I 

PHIJCl  to3,‘lto6«2?-a-fS2RB0T-(4-1)S2HR0T 

3Ro 

+ (f  - 1)  S2  R Ro  T ♦ * S2  R Ro  T 


♦ gl-URR©1 


»«-k*  to  s,  i to  3 • ?r  * - f fr?-  * *f  * ?i)  " "» T 

o \ o r "o  / 

- t 

• ••  •• 

♦ f I+URRo1 


P3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3) . 
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a p I?  S|  ♦ (g  - 1)/r  1 m 

ra.MCn  to  6,  * to  6 • *?■  ■ -I— — 7 I » «o  T 


at]a  «.  1 « f a,  » »,  * 

♦ (g  - 1 ) 82  HRoT+gI-ORRoT 


Certain  recurring  groups  of  symbols  nay  be  oolleoted  to  fsoilltate  ease  of 
coding  and  minimization  of  error.  Bud)  3-by-3  submatrix  of  the  6 -by -6 
matrix  PHI_MC  results  from  the  summation  of  3-by-3  matrioes  generated  by  the 
dyadio  product  of  groups  of  veotors  of  length  three. 

B.  Interface  Requirements.  The  input  and  output  data  are  shown  in  table 

4 .2 .5.2. 

C.  Processing  Requirements.  This  subfunction  is  called  by  the  following 
sub functions: 

REND_BIAS_AND_COV_PROF  (section  4.2.5) 

RBNDJMV_INTBRP  (section  4. 2. 8. 1.1) 

D.  Constraints.  None 

B.  Supplementary  Information.  A suggested  implementation  in  the  form  of  a 
detailed  flowchart  may  be  found  in  Appendix  B under  the  name  of  MEAN_CONIC 
PARTI AL_TRANSITION_HATRIX_6X6 . 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 
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TABLE  4 .2. 5. 2.-  MEAN  CONIC  PARTIAL  TRANSITION  MATRIX  6X6  INPUT/OUTPUT 


L 

ri 

i 


In list /Out list 


Internal  I External 


1 

1 

rPSLTIM 

IDT  COV 

IQ  ONE 

I TOT  ACC  LAST 

iff  "WO 

I TOT  ACC 

IR  ONE 

IR  LAST 

IR  WO 

IS  FILT 

IV  ONE 

IV  LAST 

IV  WO 

IV  FILT 

1 

1 

IDBLTIM 

IDT  COV 

IQ  ONE 

IQ  TV  LAST 

IQ  WO 

IQ  TV 

IR  ONE 

IR  TV  LAST 

iff  "wo 

IR  TV 

IV  ONE 

IV  TV  LAST 

IV  "WO 

1?  "TV 

1 

I 

IDELTIM 

IDELTAT  QO 

IQ  ONE 

I TOT  ACC 

IQ  WO 

IA  RESID 

IR  ONE 

IR  FILT 

IR  WO 

IR  RESID 

IV  ONE 

IV  FILT 

IV  WO 

IV  RESID 

1 

1 

IDELTIM 

IDELTAT  GO 

IQ  ONE 

IQ  TV 

IQ  WO 

IA  TV  RESID 

IR  ONE 

IR  TV 

iff  "wo 

IR  TV  RESID 

IV  ONE 

IV  TV 

IV  WO 

IV  TV  RESID 

1 

1 

I 

1 

1 

l 

1 

I 

I 

l 

1 

1 

1 

1 

1 

l 

1 

I 

1 

1 

Input  Sou roe 


! 

I REND 
I REND 
I REND 
(REND 
IREND 
I REND 
IREND 
I 

IREND 

IREND* 


BIAS  AND 
BIAS"  AND 

bias"and 

BIAS" AND 

bias"and 

BIAS' AND 
BIAS"AND* 


COV  PROP 
C0V"PR0P 
COV~PROP 
C0V"PR0P 
COV" PROP 
COV'PROP 
COV"PRQP 


IREND 

IREND 

IREND 

IREND 

I 

IREND 

IREND 

IREND 

IREND 

IREND 

IREND 

IREND* 

I 

IREND 

IREND 

IREND 

IRBID 

IREND 

IRBID 

IREND 

I 

I 

I 

I 

I 

I 

I 

I 

l 

I 


BIAS 

BIAS* 

BIAS' 

BIAS 

BIAS' 

BIAS* 

BIAS' 


AND  COV 

'and“cov“ 

*and"cov“ 

'and“cov“ 

'AND  COV 

and'cov" 

"and*cqv” 


NAV  INTERP 
NAV"lNTERP 
NAV" INTERP 
NAV"lNTERP 
NAV  INTERP 
NAV"lNTERP 
NAV'lNTERP 

NAV  INTERP 
NAV" INTERP 
NAV"lNTERP 
NAV"  INTERP 
NAV-1NTBRP 
NAV"  INTERP 
NAV"lNTERP 


\ > 
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TABLE  4. 2. 5 .2.-  MEAN  CONIC  PARTIAL_TRANSITION  MATRIX  6X6 
INPUT/OUTPUT.-  Continued 


o 


i o 


In  list 
Internal 
Name 


PHI  MC 


PHI  MC 


PHI  MC 


PHI  MC 


Out list 

External 

Name 

p®1to6,  1to6 

Pmlto6,  1to6 
PHI_PATCH 

PHI  PATCH 


Input  Souroe 


Output  Destination 


REND_BIAS_AND_COV_PROP 

Y‘i  * 

REND_BIAS_AND_COV_PROP 
REND  NAV  INTERP 


REND  NAV  INTERP 


I 
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TABLE  4.2 .5.2.-  MEAN  CONIC  PARTIAL  TRANSITION  MATRIX  6X6 
INPOT/OUTPUT.-  Concluded 


1 

1 Variable  Name 

t Input  Sou roe 

i 

Output  Destination  ’ 

I 

t 

I EARTH  MO 

i •• 

1 P " -- 

I P AND  0 

&,»«  1 . 

1 FOOT 

I F~ AND  0 

* 'i 

10  sye  ?. : 

1 P AND  0 

! GDOT 

1 f" and  g 

: i 

| Vrf:  C . . 

1 

i 

V?  'Hi  V - >•*  X 

ilD  MATRIX  3X3 

1 »» 

1 R TWO 

I P AND  0 

»• 

-V' r t 

! R TWO  INV 

1 F AND  Q 

! 

P AND  G 

1 SQR  EMU 

1 e 

! 

i 

1 SO 

! P AND  G 

I 

• 

t SI 

! P AND  0 

! 

I S2 

! F AND  G 

I 

I S3 

1 F AND  G 

i THETA 

! P AND  G 

! 

! Cl 

! 

1 

1 

f 

F AND  G 

i DEL TIM 

i 

i 

F AND  G 

1 D ONE 

i 

! 

F AND  G 

t D TWO 

i 

1 

P AND  G 

! R ONE 

! 

F AND  G 

i R ONE  INV 

! 

| 

F AND  G 

1 SMA 

1 

! 

F AND  G 

! V ONE 

I 

1 

! 

I 

1 

! 

F_AND_G 

! 

! 

! 

! 

I 

! 

I 

! 

I 

i 

! 

1 

1 

I 

1 

I 

!_ 

1 

! 

I 

! 

I 

1 

! 

! 

! 

! 

1 

! 

Vr***,'. 


.1 


•Onorb it /Rendezvous  principal  function,  see  section  4,2 
** Initialization  parameters,  see  section  4.7 
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4.2. 5.2.1  Conio  solution  (F-AND-0).-  The  eonio  solution  sub function  utilized  by 
the  state  vector  interpolation,  position- velocity  submatrix  of  state  transition 
matrix,  and  preoision  integration  sub functions  shall  provide  the  capability  to 
trace  the  progress  of  a point  along  Its  orbit  assuming  pure  Keplerian  motion,  by 
means  of  the  F and  G series  algorithm  in  terms  of  the  eooentrie  anomaly. 

e • 1 4 ■ -■  ■-  * i , 

The  variables  F and  G end  F and  G shall  be  calculated  as  functions  of  the  differ- 
ence in  ecoentrio  anomaly  between  an  initial  time  at  uhioh  a position  and  a ve- 
locity vector  are  known  and  a final  time  at  uhioh  they  are  required.^  u- 

If  the  final  position  and  velocity  are  known,  the  difference  in  ecoentrio 

' -•  •*.  i 

anomaly  can  be  easily  calculated  and  the  F,  G,  F and  G expressions  can  be 
obtained  with  the  use  of  certain  auxiliary  variables  called  here  SO,  SI,  S2,  and 
S3. 

If  the  final  position  and  velocity  are  not  known  but  only  the  transfer  time,  it 
is  necessary  to  solve  a form  of  Kepler's  equation  to  obtain  the  difference  in 
eccentric  anomaly. 

A.  Detailed  Requirements.-  fhe  conic  solution  (F_AND_G)  subfuncticn  will  be 
initiated  by  the  call  statement  of  the  following  form: 

CALL:  F AND  G 


IN  LIST:  SMA , DELTAT , Cl , R _DJ,R_IN_INV, R_FIN_INV,V  _IN,D_IN,D_FIN 

OUT  LIST:  F , G , FOOT , GDOT , SO , S 1 , S2 , S3 , R _FIN , R_FIN_INV , THETA 

where: 


SMA  = semi -major  axis  of  the  conic 

DELTAT  = transfer  time 

Cl  s an  auxiliary  constant,  equal  to  the  square  root  of 

SMA  divided  by  the  square  root  of  Barth's  gravitational 
constant 


R _IN  = the  initial  position  vector  (M50) 
R_IN_INV  s the  reciprocal  of  the  magnitude  of  R _IN 


R_FIN_INV  s the  reciprocal  of  the  magnitude  of  R_FIN  (if  unknown, 
a zero  shall  be  input)  ” 

V _IN  = the  initial  velocity  vector  (M50) 

D_IN  = -the  dot  product  of  the  initial  position  and  velocity 
vectors 


4-177 


! 

i-'  ' i 

I 


l 


t 


I 


79PH10 

D_FIN  * the  dot  produet  of  the  final  position  and  velocity 
■ . veetors  (if  unknown,  a zero  shall  be  input) 


The  oonio  solution  aubfunotion  shall  perform  the  following  in  the  order 
indicated : 


a.  If  R_FIN_INV  i 0.,  which  indicates  that  the  final  position 

vector  is  already  known , the  difference  in  eooentrio  anomaly  shall 
be  obtained  from  the  expression 


THETA  = (Cl (D_FIN-D_IN)  + DELTAT/C1 )/SMA  F3 

b.  If  R_FIN_INV  r 0.,  the  final  position  vector  is  to  be  calculated. 
This  requires  solving  a modified  form  of  Kepler's  equation,  which 
shall  be  accomplished  by  an  iterative  process  that  consists  of  the 
following  steps: 

(1)  Two  auxiliary  quantities  shall  be  obtained  from  the  input 
data: 

ONEMRIN  a (SMA  - 1 ./R_IN_INV)/SMA  F3 

D_MN_AN  a DELTAT/(C1  SMA)  F3 

D_MN_AN  is  the  difference  in  mean  anomaly,  which  shall 
be  taken  as  a first  approximation  to  the  difference  in 
ecoentric  anomaly,  THETA.  An  iteration  counter  shall 
also  be  started. 

THETA  = D_MN_AN 

I = 1 

(2)  Then  THETA  and  THETA_C0R  shall  be  recalculated  until  the 
number  of  iterations_at tains  a predetermined  maximum. 

DO  UNTIL 

I a NUM  KEP  ITER 


j 

\ 


i 

'""1 

.1 

jj 

i 


j 


I 


i 

i 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3. 


6-3). 


h i 
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by  repeatedly  evaluating  the  equations 

50  • COS  (THETA)  F9 

51  * SIN  (THETA ) F9 

52  « 1.  -SO 

ERR  > D_MN_ AN-THET A -D_I N Cl  S2/SMA  + ONEMRIN  Si  F3 
THETA_COR  * ERR/(1.  ♦ D_DJ  Cl  SI/SNA  - ONEMRIN  SO)  F3 
THETA  s THETA  + THETA_COR 
1*1+1 


2.  When  the  difference  in  eccentric  anomaly  is  determined,  oertain 
auxiliary  variables  shall  be  calculated. 


SO  * COS  (THETA) 


F9 


51  * SIN  (THETA) 

52  = 1.  -SO 

53  = THETA  - SI 

3.  The  values  of  F and  G shall  then  be  determined i 


F9 


F * 1.  - SMA  S2  R_IN_INV 
G * DELTAT  - Cl  SMA  S3 


4.  If  the  final  position  vector  and  the  reciprocal  of  its  magnitude 
were  not  known,  they  shall  be  calculated: 

IF  R_FIN_INV  * 0.,  then  set 

R _FIN  s FR_IN  + GV  _IN 

R_PIN_INV  = 1 ./  JR  _FIN  | F3 

5.  The  functions  F and  G,  required  for  the  calculation  of  the  final 
velooity  vector,  shall  be  evaluated: 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3)* 
F9  This  equation  shall  be  protected  against  return  value  of  sine  or  cosine 
with  magnitude  greater  than  unity  (Reference  3.6-9). 
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Finally,  the  out  list  of  the  oonio  solution  subfunotion  shall  oontain 
the  following  quantities  (different  users  require  different  sets  of 
these): 


F,  0,  FOOT,  QDOT,  SO,  SI,  32,  SB,  R _FIN,  R_FIN_INV, THETA 

B.  Interface  Requirements.-  Input  and  output  parameters  for  the  oonio  solution 
(F_aHdJB)  are  given  in  table  4. 2. 5. 2.1. 

C.  Processing  Requirements.-  The  following  are  the  code  names  of  those  sub- 
functions whioh  call  the  F_ANDJQ  oonio  solution  subfunotion: 

PINES  METHOD 


MEAN_C0NIC_PARTIAL_TRANSITI0N_MATRIX_6xb 
0N0RBIT_SV_  INTERP 

D.  Constraints None 

E.  Supplementary  Information.-  A suggested  implementation  of  this  subfunotion 
in  the  form  of  a detailed  flow  diagram  may  be  found  in  Appendix  B under 
the  following: 

F AND  0 


i 

i 


i 

» 
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TABUS  4. 2.5.2. 1.-  FJUIDJJ  INPUT/OUTPUT 
T i 


! Inliat/Outliat 


Internal 

Ham 

1 External 
I Name 

! Input  Source  i 

1 1 

Output  Destination 

Cl 

DBLTAT 
D FIN 
d"  IN 

r"fin_inv 

R IN 
7 Tn  inv 

SMA  ” 

V 

1 Cl 

1 DBLTAT 
1 D FIN  TEMP 
1 D~IN  - 
! R“FIN  TEMP 
I m 

i r^IS0^ 

I SMA  ~ 

! XN4  to  6 

1 1 

1 FINES  METHOD  ! 

I PINES- METHOD  t 

1 PINES- METHOD  I 

t PINES  METHOD  I 

1 PINES- KSHOD  1 

1 ' ” •.:  < ■ ; . 1 
1 PINES  METHOD  ! 

! PINES- METHOD  1 

1 PINESMETHOD  ! 

! PINES- METHOD  ! 

i 1 

■ r t.  -t  . 

- . ■.■v:  i w;.  ; ' / 

i 

Cl 

1 Cl 
! 

| 

1 MEAN  CONIC  PARTIAL  ! 
1 TRANSITION- MATRIX_6X6 1 

DBLTAT 

i DELTIM 

1 

a 

I 1 

! MEAN  CONIC  PARTIAL  ! 
1 TRANSITION J1ATmJ>X6! 

D_FIN 

! 

! E TWO 

1 

a 

X I 

1 MEAN  CONIC  PARTIAL  ! 
! TRANSITION- MATRIX_6X6 ! 

D_IN 

I D_ONB 

I 

• 

i MEAN  CONIC  PARTIAL  ! 
! TRANSITION J»ATRIXj6X6! 

1 — j 

R_FIN_INV 

I R TOO  INV 

! 

ft 

t MEAN  CONIC  PARTIAL  ! 
! TRANSIT! ON_MATRIX_?X6 ! 

a ■ 

R _IN 

! R ONE 
1 
| 

X X 

I MEAN  CONIC  PARTIAL  ! 
1 TRANSITION JiATRIX_6X6l 

R_IN_INV 

! R ONE  INV 

! 

a 

X I 

1 MEAN  CONIC  PARTIAL  ! 
I TRANSITION_MATRIX_5x6l 
1 ~ 1 

SMA 

! SMA 

I 

1 

! MEAN  CONIC  PARTIAL  ! 
! TRANSITION J<ATRIXJ5X6I 
1 ***  1 

V _IN 

1 V ONE 

! - 
I 

! MEAN  CONIC  PARTIAL  ! 
! TRANS ITION_MATRI  X_5X6 ! 

a “"a 

Cl 

DBLTAT 

D_FIN 

! Cl 

! -DBLTAT  GO 
! D FIN  T§MP 
1 

! ONORBIT  SV  INTERP  l 

! ONORBIT  SV  INTERP  ! 

1 ONORBIT- SV  INTERP  ! 

! ” 1 
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TABLE  4. 2. 5. 2.1.-  F AMD  G INPUT/OUTPUT.-  Continued 


I GDOT 
t 


r1I?n3j 


Inllat/Outlist 
Internal  t External 

Mane  I Mane 

I 

IN  I D TWO 

FIN  INV  1 if FIN  TEMP 

! INV  ~ ' 

IN  I R TWO 

IN  INV  ! R TWO  INV 

A “ ! SMA 

IN  1 V TWO 

I ”” 

! F 

OT  i FOOT 

! 0 

OT  I GDOT 

FIN  ! 3 

FlN_INV  1 R FIN_INV 

I SO 
i SI 
! S2 
! 

! S3 

ETA  1 THETA 

1 

! F 
t 
I 

OT  I FDOT 

I 
! 

! G 
I 
! 

OT  ! GDOT 

l 
! 

FIN  I R TWO 

I ~ ” 

! 

! R FIN  INV  t R TWO_INV 
I ! 

i 


I D IN 
! R~FIN  INV 
I 

! R IN 
! R IN  INV 
i SMA  ” 

I V IN 


I FDOT 
f G 

! GDOT 
! R FIN 
! R FlN_INV 
i SO 
I SI 
( S2 
i 

! S3 
! THETA 


I FDOT 


Input  Sou roe 


ONORBIT  SV  INTBRP 
ONORBIT“SV“inTBRP 

ONORBIT  SV  INTER? 
CNORBITSV” INTBRP 
ONORBIT” SV”  INTBRP 
<WORBIT”SV" INTBRP 


Output  Destination 


I PINES  METHOD 
1 PINES~METHOD 
t PINES  METHOD 

i pines“method 

I PINES  METHOD 
i pines"Method 

I PINES- METHOD 
I PINES” METHOD 
I PINES- METHOD 
I 

! PINES  METHOD 
! PINES_METHOD 
I 

I MEAN_CONIC  PARTIAL 
! TRANS ITION-MATRIX  5x6 
I 

I MEAN  CONIC  PARTIAL 
I TRANSITION_MATRIX_5X6 
1 

! MEAN_CONIC  PARTIAL 
! TRANSITION_MATRIX  6X6 
t 

I MEAN_CONIC_PARTIAL 
I TRANSITION_MATRIX  5X6 
I 

f MEAN  CONIC_PARTIAL 
! TRANSITION_MATRIX_Fx6 
! 

! MEAN  CONIC  PARTIAL 
! TRANSITION  MATRIX  6X6 
! 

! MEAN  CONIC  PARTIAL 
I TRANSITION” MATRIX  6X6 


< ) 
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TABLE  4. 2. 5. 2.1.-  F_AND_Q  INPUT/OUTPUT.-  Continued 


In list /Out list 


Internal 

Wane 


SI 


S2 


S3 


THETA 


F 

FDOT 

G 

GOOT 
R FIN 
R FIN_INV 

50 

51 

52 

53 

THETA 


External 

Name 


Si 


S2 


S3 


THETA 


F 

FDOT 

G 

GDOT 

R RESID 
R FIN_INV 

50 

51 

52 

53 

THETA 


Input  Sou roe 
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Output  Destination 


MEAN  CONIC  PARTIAL 
TRANSITION- MATRIX  3X6 


MEAN  CONIC_PARTIAL 
TRANSITION  MATRIX  3x6 


MEAN  CONIC  PARTIAL 
TRANSITION- MATRIX  3X6 


MEAN  CONIC  PARTIAL 
TRANSITION  MATRIX  3x6 


ONORBIT  SV 
ONOHBIT- SV~ 
ONORBIT- SV” 
ONORBIT- SV" 
ONORBIT- SV- 
ONORBIT  SV" 
ONORBIT- SV~ 
ONORBIT- SV" 
ONORBIT- SV_ 
ONORBIT- SV" 
ONORBIT- SV- 


INTERP 

INTERP 

INTERP 

INTERP 

INTERP 

INTERP 

INTERP 

INTERP 

INTERP 

INTERP 

INTERP 


r^s* 
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TABLE  4. 2. 5. 2.1.-  P AND  0 INPUT /OUTPUT.-  Conoluded 


••Initialization  parameters,  see  section  4.7 
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*4.2.6  Rendezvous  Sensor  Measurement  Seleotion  ( RBND^gBNSORjSSLBCT ) 

The  rendezvous  sensor  measurement  seleotion  subfunotlon  shall  perform  the  follow- 
ing tasks  when  in  the  rendezvous  navigation  phase.  When  the  magnitude  of  the  XMD 
sensed  accelerations  are  below  a predetermined  threshold,  and  when  on  a covarl- 
anoe  propagation  oyole. 

- Supply  certain  positive  feedback  flags  to  the  RBLJIAV  display 

- Select  the  proper  rendezvous  sensor  navigation  measurement  incorporation 
sub functions  (section  4.2.8)  to  prooess  the  sensor  angle  data 

- Select  the  type  of  data  prooesslng  by  the  rendezvous  navigation  Kalman 
filter,  REND_NAV_FILTER  (see.  4. 2. 8. 1.2).  Data  are  used  to  compute  sta- 
tistical parameters  for  display  only,  or  data  are  used  to  update  the 
state  and  covariance  matrix  as  well  as  for  the  statistical  computations 

- Select  the  proper  type  of  edit  criteria  to  be  used  by  the  rendezvous  navi- 
gation filter,  REND_NAV_FILTER  (seotion  4. 2. 8. 1.2),  in  the  bilevel  edit 
test  whioh  determines  if  data  are  to  be  edited 

- Reset  the  AUTO/INHIBIT/FORCB  (AIF)  flags  so  that  a FORCE  will  be  in  ef- 
fect  for  only  one  navigation  filter  oyole  without  being  reset  by  the 
crew 

A.  Detailed  Requirements. 

1.  The  rendezvous  sensor  measurement  selection  subfunotlon  initially  sets 
certain  positive  feedback  display  parameters  and  then  sets  other  appro- 
priate flags  to  OFF  so  that  the  seleotion  tasks  are  correotly  accom- 
plished. The  following  flags  are  required  to  be  initialized  upon  each 
execution  of  the  rendezvous  sensor  measurement  selection  subfunotlon. 

a.  Certain  positive  feedback  flags  are  defined  for  the  REL_NAV  display. 

RDOT_AIF_DISPLAY  = NAV_RDOT_AIF 
RANGE_AIF_DISPLAY  * NAV_RANGB_AIF 
ANGLES_AIF_DISPLAY  » NAV_ANGLES_AIF 
DOING_MEAS_ENABLE  * NAV_MEAS_  ENABLE 

b.  In  order  for  this  subfunction  to  properly  select  the  appropriate 
rendezvous  sensor  navigation  measurement  incorporation  subfunction 
for  the  proper  angle  set,  the  following  flags  (DO  NAV  flags)  are  ini- 
tially set  to  OFF. 

DO  RR  ANGLES  NAV  * OFF 
DO~ST~ANOLEi  _NAV  * OFF 
DO" CO AS  ANGLES  NAV  * OFF 


I 

I 


I 


I 


I 
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o.  In  order  to  properly  process  and  record  the  type  of  processing  of 
the  data,  the  following  flags  are  initially  aet  to  CPP. 

(1)  Statistical  processing  flags 

ROOT  STAT  b OPP 
ST  ANGLES  STAT  a OPP 
OOAS  ANGLES  STAT  « OFF 
RANGE  STAT  a OPP 
RR_ ANGLES JSTAT  a OPP 

(2)  EDIT  OVERRIDE  flags  fbr  the  bilevel  edit  test 

RANGE  EDIT  OVERRIDE  a OPP 

root  iorr  override  a off 

RR  ANGLES** EDIT  OVERRIDE  a OPP 
ST~AN0LBS“RDIT~O?ERRIDE  8 OFF 
OOAS  ANGLES  EDIT  OVERRIDE  a OFF 

•>  mm  mm 

(3)  A 4 -dimensional  array  to  record  the  type  of  processing  of  the 
data  by  the  rendezvous  sensor  navigation  measurement  incorpora- 
tion subfunction 

SENSOR_EDIT  a OPF 

2.  Next,  a local  flag  (MEAS_STAT)  la  set  to  control  measurement  processing 
for  statistical  display  purposes  when  in  Major  Mode  202. 

a.  MEASjSTAT  a ON  when  NAV_MEASJBNABLB  a OPF  and  NAV_MM_202  a ON.  This 
will- result  in  measurement  processing  proceeding  as  if  all  the 
measurement  AIF  flags  are  set  to  INHIBIT,  i.e. , measurements  are 
only  used  to  compute  statistical  parameters  for  display  purposes. 

b.  MEAS_STAT  a OPF  when  NAV_MEAS_ ENABLE  a ON  or  NAV_MM_202  a OPP.  This 
will-result  in  the  measurement  data  being  processed-in  the  nominal 
manner. 

3.  The  NAV_RANGE_AIF  switch  and  the  MEASJSTAT  flag  are  tested  to 
appropriate ly*~aet  the  RANGE_STAT  flag  and  the  RANGE_EDIT_OVERRIDE  flag. 

a.  If  either  NAV_RANGE_AIF  * INHIBIT  or  MEASJSTAT  a ON  then 

RANOE_STAT  > ON 

resulting  in  the  range  measurement  being  processed  for  statistical 
display  only. 

b.  If  NAV_RANGE_AIF  Is  not  set  to  INHIBIT  and  MEASJSTAT  a OFF  then  the 
NAV_RANGE_AIF  flag  is  tested  for  a FORCE  value. 


Q 

0 


A 


P 
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(1)  If  NAV_RANOE_AIF  ■ FORCE  than 

RANGE_EDITJ>VERRIDE  « ON 

so  that  the  edit  oriteria  will  be  relaxed  for  the  bilevel  resid- 
ual edit  test. 

4.  Next,  the  NAV^RDOT_Atf  a wit  oh  and  the  MBASJ3TAT  flag  are  tested  to 
appropriate ly~aet  the  RDOTjSTAT  flag  and  the  RDOTJEDITJDVBRRIDB  flag. 

a.  If  either  NAV_RDOT_AIF  > INHIBIT  or  ISAS_STAT  « ON  then 

RBOT_STAT  a ON, 

resulting  in  the  range  rate  measurement  being  processed  for  statist 1- 
oal  display  only. 

b.  If  NAV_RDOT_AIF  is  not  set  to  INHIBIT  and  *3AS_STAT  * CPF  then 
the  NAV_RDOT_  A IF  flag  is  tested  for  a FORCE  value. 

(1)  If  NAV_RDOT_AIF  s FORCE  then 

RDOT__EDIT_OVERRIDS  s ON 

so  that  the  edit  criteria  will  be  relaxed  for  the  bilevel  resid- 
ual edit  test. 

5.  The  NAV_RR_ANGLES_ ENABLE  switch  is  tested  to  see  if  the  rendezvous  radar 
angle  set  has  been  selected  by  the  crew. 

a.  If  NAV_RR_ANGLBS_ENABLB  a ON  then  set 

do_rr_anglesj*av  a ON 

so  that  the  proper  initialization  prooedure  will  take  plaoe  for  the 
angle  data,  and  the  rendezvous  radar  angles  measurement  incorporation 
aubfunction  will  be  executed. 

(1)  Next,  the  NA  V JINGLES  Jl  IF  switch  and  the  MEAS_STAT  flags 

are  tested  to~set  the  RR  ANGLES  STAT  flag  and  the  RR  ANGLES 
BDIT_OVBRRIDE  flag. 

- If  either  NAVJUIULESJUP  * INHIBIT  or  MEAS_STAT  = ON  then 

RR_AMGLBS_STAT  s ON, 

resulting  in  the  rendezvous  radar  angle  measurements  being 
processed  for  statistical  display  only. 

- If  NAV  ANGLES  AIP  is  not  set  to  INHIBIT  and  MBAS  STAT  s OFF 
the  NAV_ANGLES_AIF  flag  is  tested  for  a FORCE  value. 
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If  NAV_ANOLBS_AIP  > FORCE  then 

RR_ANGLBS_EDIT_OVERRIDE  » ON 

so  that  the  edit  criteria  will  be  relaxed  for  the  bilevel  re- 
sidual edit  teat. 

b.  If  NAV_RR_ANGLES_  ENABLE  is  not  ON  then  the  NAV_ST_ ENABLE  switch  ia 
tested~to”aee  if- the  star  tracker  angles  set  has  been  selected  by 
the  crew. 

(1)  If  NAVJ3T_BNABLB  • ON  then  set 
DO_ST_ANGLES_NAV  > ON 

so  that  the  proper  initialization  procedure  will  take  place  for 
the  angle  data  and  the  star  tracker  measurement  incorporation 
subfunotion  will  be  executed. 

- Next,  the  NAV_ANGLES_AIF  switch  and  the  MEASJSTAT  flags  are 
tested  to  set_ the  ST  ANGLES  STAT  flag  and  the  ST  ANGLES  EDIT 
OVERRIDE  flag. 

If  either  NAV_ANGLES_AIF  « INHIBIT  or  MEASJSTAT  a ON  then 
ST_ANGLES_STAT  t ON, 

resulting  in  the  star  tracker  angle  measurements  being 
processed  for  statistical  display  only. 

If  NAV  JINGLES  AIF  is  not  set  to  INHIBIT  and 
MEASJSTAT  « OFF  the  NAV.  ANGLES_AIF  flag  is  tested  for 
a FORCE  value. 

If  NAV_ANGLBS_AIF  a FORCE  then 

ST_ANGLES_EDIT_OVERRIDE  « ON 

so  that  the  edit  criteria  will  be  relaxed  for  the  bi  1*  • -si  re- 
sidual edit  test. 

o.  If  NAV_RR_ANGLES_ENABLE  e OFF  and  NAV_ST_ ENABLE  « OFF  then  the 
CO AS  angle  data  set  is  assumed  to  be  enabled,  thus 

DO_COAS_ANGLES_NAV  a ON 

so  that  the  proper  initialization  procedure  will  take  place  for  the 
angle  data  and  the  CO AS  measurement  incorporation  subfunction  will 
be  executed. 
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(1)  Next,  the  NAV_ANGLES_AIF  switoh  and  the  MEAS_STAT  flags 
are  tested  to~set  the  CQA3  ANGLES  STAT  flag  and  the  OGAS 
ANGLES_EDIT_  OVERRIDE  flag? 

/.'  - If  either  NAV_ANGLES_AIF  a INHIBIT  or  HEASJSTAT  a ON  then 

COAS_ANGLBS_STAT  s ON, 

resulting  in  the  OOAS  angle  measurements  being  prooessed  for 
statistical  display  only. 

- If  NAV_ANOLES  AIF  is  not  set  to  INHIBIT  and  MEAS  STAT  » OFF 
the  NAV_ANGLES_AIF  flag  is  testsd  for  a FORCE  value. 

If  NAV_ANGLES_AIF  = FORCE  then 

COAS_  ANGLES_EDIT_OVE  RRIDE  = ON 

so  that  the  edit  criteria  will  be  relaxed  for  the  bilevel  re- 
sidual edit  test. 

. The  NAV_RANGE_AIF  flag  is  tested  so  that  a FORCE  value  will  be  acknowledged 
for  one  navigation  cycle  without  being  reset  by  the  crew. 

a.  If  NAV_RANGE_AIF  = FORCE  then 

RANGE_Alr’  = RANGE_AIF_LAST . 

where  the  RANGE_AIF_LA37  .lag  is  a local  flag  which  records  the  last 
non  force  value  of  the  RANGE_AIP  flag. 

b.  If  NAV_RANGE_AIF  is  not  equal  to  FORCE  then 

RANGE_AIF_LAST  = RANGE_AIF. 

. Next,  the  NAV_RDOT_AIF  flag  is  tested  for  the  same  reasons  as  given  in  6. 

a.  If  NAV_RDOT_AIF  is  equal  to  FORCE  then 

RDOT_AIF  = RDOT_AIF_LAST . 

b.  If  NAV_RDOT_AIF  is  not  equal  to  FORCE  then 

RDOT_AIF_LAST  = RDOT_AIF. 

. Finally,  the  NAV_ANOLES_AIF  flag  is  tested  similarly  to  6 and  7. 
a.  If  NA V_ANGLES_A IF  = FORCE  then 

ANGLES  AIF  = ANGLES  AIF  LAST. 
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b.  If  NAV_ANOLES.AIF  is  not  equal  to  FORCE  than 
ANGLES JHF_LAST  • ANGLES  JKF. 


B.  Interfaoe  Requirements,  the  input  and  output  parameters  for  this  sub func- 
tion are  indicated  in  table  4.2.6. 

> - 

C.  Processing  Requirements . the  sensor  measurement  selection  subfunotion  shall 
be  performed  only  when  on  a covariance  propagation  oyole  and  when  the  ItfD 
sensed  accelerations  are  below  a design  dependent  threshold  (MEAS_THRBSHOLD) , 
i.e.,  NAV_MEAS  * ON.  This  subfunotion  is  called  by  the  onorbit/rendeavous 
trunk  logic,  ONORBIT_RENDEZVOUS_NAV , and  shall  be  executed  before  the  sensor 
measurement  initialization  subfuriction,  REND_NAV  J5RNS0R_INIT . 

D.  Constraints.  The  RANGE  A IF  LAST,  HDOT_AIF_LAST  and  ANQLES_A1F_LAST  flags 

need  to  be  initialized  lo  llftUBIT.  “ ” 

E.  Supplementary  Information.  A suggested  implementation  of  this  subfunotion 
may  be  found  in  the  Appendix  B flowchart 

REND  SENSOR  SELECT. 


L 

* 

s 
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TABLE  4.2.6.-  REND_SENSORJ3ELI5CT  INPUT/OUTPUT 


! 

f I 
1 


Variable  Name 


Input  Source 


Output  Destination 


U 

1NAV  ANGLES  AIF 
I 

JANGLES  AIF  LAST 

I 

INAV  MEAS  ENABLE 
I 

INAV  MM  202 
! 

JNAV_RANGE_AIF 

I 

JRANGE_AIF  LAST 
I 

INAV  RDOT_AIF 
I 

I ROOT  AIF  LAST 
t 

INAV  RR  ANGLES  ENABLE 
! 

INAV  ST  ENABLE 
! 

JANGuES  AIF_DISPLAY 
I 

JCOAS  ANGLES JBDIT 
I OVERRIDE 
1 

JCOAS  ANGLES  STAT 
1 

IDO  CO  AS  ANGLES  NAV 
! 

!DOING_MEAS_  ENABLE 
I 
I 
1 
J 
I 
J 
I 
I 
I 
J 
I 
I 


NAV_ONORBIT_RENDBZVOUS 

y 

* * 

NAV_ONORBIT_RENDEZVOUS 
NAV_ONORBIT_RENDEZV COS 
NAV_ONORBIT_RENDEZVCUS 

* i 

NAV_ONORBIT_RENDEZVOUS 

• « 

NAV_ONORBIT_RENDEZVOUS 
NAV  ONORBIT  RENDEZVOUS 


COAS_NAV 

OOAS_NAV 

R END_NAV_SENSOR_  I NIT , • 


•Onorb it /Rendezvous  principal  function  I/O  Table,  table  4.2 
••Initialization  parameters,  see  section  4.7 
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TABLE  4.2.6.- 

REND_SENSOR_SELECT  INPUT/OUTPUT 

- Concluded 

1" 

l 

1 

1 Variable  Name 

1 

Input  Source  I 

Output  Destination 

1 

! 

1 

1 

i 

1 

T 

IDO  RR  ANGLES  NAV 

1 

(REND  NAV  SENSOR  INIT, 

1 

I NAV  ONORBIT  RENDEZVOUS, 

*1 

! 

1 

IDO  ST  ANGLES  NAV 

1 

(REND  NAV  SENSOR  INIT, 

1 

1 

JNAV  ONOR&IT  RENDEZVOUS. 

• l 

1 

1 

1 RANGE  AIF  DISPLAY 

. 4/i 

» 

l 

1 

i 

(RANGE  EDIT  OVERRIDE 

I 

3T  IRRDOT  NAV 

1 

1 

4'  1 

1 RANGE  STAT 

! 

IRRDOT  NAV 

l 

I 

/•  £ ■■  1 

I ROOT  AIF  DISPLAY 

1 

• t 

• 

1 

l 

i 

(ROOT  EDIT  OVERRIDE 

! 

IRRDOT  NAV 

1 

I 

I 

(ROOT  STAT 

IRRDOT  NAV 

l 

! 

1 

IRR  ANGLES  EDIT  OVERRIDE 

1 

IRR 

ANGLE  NAV 

1 

i 

1 

IRR  ANGLES  STAT 

I 

IRR 

ANGLE  NAV 

I 

1 

1 

l SENSOR  EDIT 

i 

1MEAS  PROCESSING 

l 

I 

(STATISTICS  REND,* 

t 

1 

( 

1ST  ANGLES  EDIT  OVERRIDE 

! 

(STAR  TRACKER  NAV 

1 

! 

1 

1ST  ANGLES  STAT 

! 

(STAR  TRACKER  NAV 

1 

i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

j 

I 

1 

1 

1 

I 

1 

1 

I 

1 

! 

1 

1 

1 

! 

1 

l 

1 

1 

1 

! 

l 

1 

1 

1 

1 

1 

1 

1 

! 

1 

! 

! 

1 

•Onor bit /Rendezvous  principal  function  I/O  Table,  table  4.2 
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4.2.7  Sensor  Measurement  Initialization  (RBNDJIAV..8SNS0R.INIT) 

This  sensor  measurement  initialization  subfunotion  shall  be  Invoked  on  each 
oovarianoe  propagation  subcyole  when  the  IMU  sensed  aooelerations  fall  below 
a design  dependent  threshold  ( MEAS_THRESHOLD) . The  reinitialization  of  the 
sensor  bias  portion  of  the  state  veotor  and  oovarianoe  matrix  shall  be  performed 
upon  entering  rendezvous  navigation,  whenever  the  measurement  type  configuration 
has  changed  to  include  new  measurements,  or  when  an  automatic  in-flight  update 
or  a REL_NAV  display  update  occurs  while  the  Onorb it /Rendezvous  Navigation  prin- 
cipal function  is  active.  The  sensor  oovarianoe  and  bias  setup  subfunotion 
(seotion  4.2.7. 1)  shall  be  invoked  to  aooount  for  the  change  in  the  measurement 
status. 


A.  Detailed  Requirements.  The  following  steps  shall  be  performed  (in  the  order 
indicated): 

1.  If  the  rendezvous  radar  range  and  range  rate  data  set  was  off  ( DO_RRDOT_ 
NAV_LAST  s OFF)  on  the  previous  covariance  propagation  subcycle: 

Call  the  sensor  covariance  and  bias  setup  subfunotion  to  reconfigure 
the  bias  portions  of  the  state  vector  and  the  covariance  matrix  for 
this  data  set  (see  section  4.2.7. 1) 


CALL:  SETUP 

IN  LIST:  2,  TAUJHUXJT,  BIAS  VAR  RRDOT,  VAR  RRDOT, 

RRDOT_BIAS_INIT 

2.  Test  to  determine  if  a new  angle  sensor  has  been  selected  by  the 
crew. 


a.  If  the  rendezvous  radar  angle  data  set  has  been  made  available 
since  the  previous  covariance  propagation  subcycle  (DO  RR_ANGLES_ 
NAV  = ON  and  DO_RR_ANGLES_NAV_LAST  = OFF): 

Call  the  sensor  covariance  and  bias  setup  subfunction  to  reconfigure 
the  bias  portions  of  the  state  vector  and  the  covariance  matrix  for 
this  data  set  (see  section  4.2.7. 1). 

CALL:  SETUP 


IN  LIST:  0,  TAU  RR_ ANGLES,  BIAS_VAR_RR_ANGLES , VARRR 

anglesT  RR_ANGLES_BIAS_INIT 

Also  set  the  positive  feedback  flag  to  the  display  for  rendezvous 
radar  angles: 

ANGLES_ENABLE_DISP  LAY  = 2 

b.  If  the  star  tracker  angle  data  set  has  been  made  available  since  the 
previous  covariance  propagation  subcycle  (DO  ST_ANGLBS  NAV  * ON  and 
DO  ST  ANGLES  NAV  LAST  = OFF) : 
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Call  the  sensor  oovarianoe  and  bias  setup  aubfunction 
to  reconfigure  the  bias  portions  of  the  state  vector  and 
the  oovarianoe  matrix  for  this  data  set  (see  section  4. 2. 7.1). 

\ 

CALL:  SETUP 

!u  LIST:  0,  TAU  ST_ ANGLES,  BIAS  VAR  ST  ANGLES, 

varjst” angles,  stJangles_b!as“init 

Also  set  the  positive  feedback  flag  to  the  display  for  star 
traoker  angles: 

ANGLES_ENABLE_DISPLAY  s 0 

c.  If  the  CO AS  angle  data  set  has  been  made  available  sinoe  the 
previous  covariance  propagation  subcycle  (DO_COAS  ANGLES  NAV  = 

ON  and  DO_COAS_ANGLES_NAV_LAST  = OFF): 

Call  the  sensor  covariance  and  bias  setup  subfunction  to 
reconfigure  the  bias  portions  of  the  state  vector  and  the 
covariance  matrix  for  this  data  set  (see  section  4.2.7. 1). 

CALL:  SETUP 

IN  LIST:  0,  TAU  COAS_ ANGLES,  BIAS  VAR  COAS  ANGLES, 

VARJ30AS JINGLES,  OOAS_ANGLES”BIAS“INIT 

Also  set  the  positive  feedback  flag  to  the  display  for  COAS 
angles: 

ANGLES_ENABLE_DISPLAY  s 1 

3.  Save  the  current  values  of  the  nDO_NAV"  flags  for  the  next  execution  of 
this  subfunction. 

DO_RRDOT_NAV_LAST  = ON 

DO_ RR_  ANGLES_N AV_L AST  = DO_RR_ANGLES_NAV 

DO_ST_ANGLES_NAV_LAST  = DO_ST_ANGLES_NAV 

DO_COAS_ANGLES_NAV_LAST  = D0_C0AS_ANGLES_NAV 

B.  Interface  Requirements.  The  input  and  output  variables  for  this  subfunction 
are  described  in  table  4.2.7. 

C.  Processing  Requirements.  This  subfunction  is  called  by 

NAV_ONORBIT_RENDEZVOUS  (section  4.2.1) 

D.  Constraints.  None 
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Supplementary  Information . A suggested  Implementation  in  the  form  of  a 
detailed  flowchart  oan  be  found  in  Appendix  B under  the  name: 


REND  NAV  SENSOR  INIT 
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TABLE  4.2.7.-  REND_ NAV_SENSOR_INIT  INPUT/OBTPUT 


Variable  Name 


! 

I 

(BIAS  VAR  OQAS_ANGLES 

r 

(BIAS  VARJRR  ANGLES 

r • " • 

(BIAS  VAR_RRDOT 
!~ 

IBIAS  VAR  ST_ANGLES 
! 

ICO  AS  ANGLES  BIAS  INIT 
! 

IDO  COAS  ANGLES  NAV 

I 

JDO_COAS  ANGLES  NAV  LAST 

I 

IDO  RR  ANGLES  NAV 
I 

I DO_RR_ANGLES_NAV  LAST 
l 

IDO  RRDOT  NAV_LAST 
I 

IDO  ST  ANGLES  NAV 


IDO_ST_ANGLES  NAV_LAST 

I 

I RR_ANGLES_BIAS  INIT 
!~  ~ 

1 RRDOT  BIAS_INIT 
I 

l ST_AN GLES_B IAS  INIT 
I 

!TAU_COAS_ANGLES 

I 

!TAU_RR_ANGLES 

I 

ITAU_RRDOT 

I 

I TAU_ST_  ANGLES 

r 

IVAR_COAS_ANGLES 

r 

i 

i 


Input  Souroe 


I • • 

I 

I * * 

I 

I » » 

I 

I • » 

f 

* * 

! REND _SENSOR_SELECT 

i "~ 

REND_COV_INIT  ,* 
REND_SENSOR_SELECT 
REND_COV_INIT ,» 
REND_OOV_INIT  ,* 
REND_SENSOR_SELECT 
REND_OOV_INIT  ,* 


Output  Destination 


SETUP 


SETUP 

SETUP 

SETUP 

SETUP 


I SETUP 

! SETUP 

I SETUP 

I SETUP 

! SETUP 

! SETUP 

! SETUP 

! SETUP 


•Onorb it /Rendezvous  principal  function,  see  section  4.2 
••initialization  parameters,  see  section  4.7 
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TABLE  4.2.7.-  REND_.NAV_SENSOR.INIT  INPUT /OUTPUT.-  Concluded 


Variable  Name 

1 

1 

Input  Souroe 

t Output  Destination 
1 

varjrr_anql.es 
” *"  ” 

1 

1 

1 

e i 

1 SETUP 

VAR.RRDOT 

1 

1 

e » 

1 SETUP 

VAR_ST_ANGLBS 

1 

! 

1 

e » 

! SETUP 

1 

ANGLES  ENABLE  DISPLAY 

• 

\ 

1 a 

•Onorbit/Rendezvous  principal  function,  see  section  4.2 
''"Initialization  parameters,  see  section  4.7 
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4.2.7. 1 Sensor  Covariance  and  Bias  Sebup  (SETUP) 

The  sensor  measurement  initialization  subfunotion  (section  4.2.7)  shall  Invoke 
the  sensor  covariance  and  bias  setup  subfunction  to  reconfigure  the  bias  por- 
tions of  the  state  vector  and  the  oovariance  matrix  whenever  the  oovarianoe 
matrix  initialization  subfunotion  (REND_COV_INIT)  has  been  exercised  slnoe  the 
last  oovarianoe  propagation  suboyole,  or  when  a new  measurement  set  has  been 
seleoted  since  the  previous  covariance  propagation  suboyole.  New  exponentially 
correlated  time  constants  and  process  noise  variances  are  also  seleoted  from 
premission  values  for  use  in  the  computation  of  the  state  transition  matrix  and 
in  the  addition  of  prooess  noise. 

A.  Detailed  Requirements.  This  subfunotion  is  called  with  the  following  inter- 
nal variables  in  the  IN  LIST: 

INLIST:  I,  TAU,  BIAS_VAR,  BIAS_COV_VAR,  BIAS_INIT 

where  i 

I is  a pointer  for  the  desired  measurement  set 
s 0 for  all  angle  data 

= 2 for  rendezvous  range  and  range  rate ‘data 
TAU  sensor  time  constants 
BIAS_VAR  sensor  bias  variances 

BIAS_COV_VAR  sensor  bias  variance  terns  for  the  oovariance 
~ matrix 

BIAS_INIT  initial  sensor  bias 
The  following  steps  shall  be  performed  for  J = 1 to  2: 

1.  K s I + J 

2.  The  state  vector  is  to  be  reconfigured  by  setting  its  bias  slots 
associated  with  the  new  measurement  types  to  premission  values.  Bias 
values  of  measurement  types  no  longer  needed  do  not  have  to  be  zeroed. 

TAU_SENSk  s TAUj 

SBNSOR_BIASK  = BIAS_INITj 

VAR_SEK5k  = BIAS_VAR j 
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3.  The  oovarianoe  matrix  la  to  be  reconfigured  by  zeroing  the  off-diagonal 
terms  associated  with  the  new  measurement  type.  The  diagonal  terms  are 
then  set  equal  to  premlaaion  variance  values  of  the  new  measurement  type. 
The  rows  and  columns  associated  with  the  discontinued  measurement  types 
do  not  have  to  be  zeroed  unless  they  are  used  by  a new  measurement  type. 

®9+K,1toi3  8 °*° 

E1to13.9+K  ■ °*° 

®9+K,9+K  8 BIAS_COV_VARj 

4.  The  accept/re Jeot  counters  and  the  edit  ratio  of  the  residual  edit  test 
for  each  measurement  group  must  be  reset  to  zero  for  use  by  the  measure- 
ment processing  statistics  subfunotion  (section  4.2.9). 

N_AOCEPTk  s 0 

n_rejectk  = c 

SEQ_ACC  SPTk  > 0 
SEQ_REJECTk  3 o 
NAVJSIGg  3 0.0 

B.  Interface  Requirements.  The  input  and  output  variables  for  this  subfunction 
are  defined  in  table  ft. 2 .7.1. 

C.  Processing  Requirements.  This  subfunction  is  oalled  by 

REHD_HAV_SBNSOR_INIT  (seotion  4.2. 7) 

D.  Constraints.  Hone 

3.  Supplementary  Information.  A suggested  implementation  in  the  form  of 
a detailed  flowchart  oan  be  found  In  Appendix  B under  the  following  name: 
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TABLB  4. 2. 7.1.-  SETUP  INPUT/OUTPUT 


l 

InUat/Outliet I 

Internal  f * External  * I 
Name  1 Name 


Input  Sou roe 


I 

BUS  COV  VAR  IVAR  RRDOT 

r 

i RRDOT  BIAS 
IINIT  " 

I ’ 


BIAS  INIT 


• _ 

7 

I REND 
I 

I REND 

m 

I 

I 


NAV_SENSOR_IHIT 
NAV  SENSOR  INIT 


BIAS  VAR 


! BIASVARRRDOT 1 REND_NAV_SENSOR_INIT 

NA V _SENSOR_IN IT 

NAV_SENSOR_INIT 

BIAS  COV  VAR  IVAR  RR  ANGLES  IREND  NAV  SENSOR  INIT 
I I 

IRR  ANGLES  BIAS I REND  NAV  SENSOR  INIT 


TAU 


I 

12 

I 

I TAU  RRDOT 

r 


i 

IREND 

I 

IREND 

I 


BIAS  INIT 


BIAS  VAR 


I INIT 

r 

(BIAS  VAR  RR 
! ANGIES 
I 

10 

I 


I 

I 

IREND  NAV  SENSOR  INIT 

I 

I 

IREND 
I 


NAV  SENSOR  INIT 

I I 

TAU  ITAU  RR  ANGLES  IREND  NAV  SENSOR  INIT 

! I 

BIASCOVVAR  I VAR  STANOLES  I RKND_NAV_SENSOR_ INIT 

NAV  SENSOR  INIT 


I 


I 


BIAS  INIT 


1ST  ANGLES  BIAS  I REND 
l“lNIT  ” I 


BIAS  VAR 


TAU 

BIAS  COV  VAR 


BIAS  INIT 


I 

(BIAS  VAR  ST 
! ANGLES 
I 

10 

I 


I 

IREND  NAV  SENSOR  INIT 

I 

I 


IREND 

I 


NAVJSENS0R_XNIT 
ITAU  ST  ANGLES  ! REND  NAV_SENSOR_INIT 

NAV  SENSOR  INIT 


IVAR  COAS 
! ANGLES 
I 

ICO  AS  ANGLES 
(BIAS  INIT 
I 
I 


I 

IREND 
I 
I 

IREND  NAV  SENSOR  INIT 
I 


Output  Destination 


o 


* 
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TABLE  4.2.7. 1.-  SETUP  INPUT/OUTPUT.-  Continued 


In list/Qu tliet 


Internal 

Name 


External 

Marne 


Input  Source 


Output  Destination 


BIAS  VAB 


BIAS  VAB  COAS 
ANGLES 


BEND  NAV  SENSOB  INIT 


I 


REND_NAV_SENSOR_INIT 


TAU 


TAU  COAS 
ANGLES 


BBNDJttV_SENSOR_INIT 
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TABLE  4.2 .7 . 1 SETUP  INPUT/OUTPUT.-  Concluded 


9 


Variable  Mane 


B 


Input  Sou roe 


N _ACCEPT 
NAV  _SIQ 


N _ REJECT 
SENS0R_B1AS 

SBQ_ACCEPT 

SEQ_ REJECT 

TAU_SENS 

VAR_SEMS 


I 

I Output  Destination 

] 

I 

IREHD  NAV  FILTER, 

! RBNDBIAS  AND  CO V PROP,* 
I 

1HEAS  PROCESSING 
I STATISTICS  RENDT* 

I 

IRRDOT  NAV, 

IRS  ANGLE  NAV, 

(ANGLE  NAV, 
imeas  Processing 

! STATISTICS  RBND_ 

I 

(NBAS  PROCESSING 
(STATISTICS  REND7* 

I 

IREHD  NAV  FILTER, 

IRRDOT  NAV, 

IRR  ANGLE  NAV, 

!AN<5LE  NAV, 

INAV  ONORBIT  RENDEZVOUS 
I 

IMEAS  PROCESSING 
(STATISTICS  REND7* 

I 

IMEAS  PROCESSING 
(STATISTICS  RENDT* 

I 

(REND  BIAS  AND  COV  PROP 
I 

(REND  BIAS  AND  COV  PROP 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 


I 

I 


•Onor bit /Rendezvous  principal  function,  see  section  0.2 
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4.2.8  State  and  Corariance  Measurement  Incorporation 

This  section  documents  the  requirements  for  the  following  four  rendezvous  sensor 
navigation  measurement  incorporation  subfunctions: 

- Rendezvous  radar  range  and  range  rate  measurements 

- Rendezvous  radar  shaft  and  trunnion  angle  measurements 
• Star  tracker  horizontal  and  vertioal  angle  measurements 

- 00 AS  horizontal  and  vertioal  angle  measurements 

Each  measurement  incorporation  subfunction  updates  the  state  vector  and 
covariance  matrix  with  the  corresponding  rendezvous  sensor  data  using  a 13-state 
process  noise  Kalman  filter. 


4. 2. 8.1  Rendezvous  Radar  Range  and  Range  Rate  Measurements  (RRD0T_NAV) 

This  subiunction  is  responsible  for  the  proper  processing  of  the  rendezvous 
radar  range  and  range  rate  measurements*  This  subfunction  shall  perform  the  fol- 
lowing tasks  only  when  the  rendezvous  radar  is  not  in  the  self  test  mode  and  the 
measurement  data  is  labeled  valid. 

- Calculate  the  partial  derivative  of  the  measurement  with  respect  to  the 
estimated  state  at  measurement  time 

- Compute  the  estimated  measurement  and  the  measurement  residual 

- Select  the  proper  variances  to  model  the  uncorrelated  measurement  errors 

- Store  the  old  residual  ratio,  the  EDIT  OVERRIDE  flag,  and  the  STAT  flags 
into  temporary  locations  j jed  by  the  Kalman  Filter  Updates  subfunotion 
(section  4. 2. 8. 1.2) 

- Schedule  the  Kalman  Filter  Updates  subfunction  to  process  the  data 

- Store  the  current  residual  ratio,  the  EDIT  flag,  and  the  measurement  resid- 
ual for  display  purposes 

A.  Detailed  Requirements.  The  following  steps  shall  be  performed  (in  the  order 
indicated): 

1.  If  the  rendezvous  radar  is  not  in  the  self  teat  mode  ( SELF _TEST_FLAG  s 
OFF),  then  continue  with  the  measurement  processing;  otherwise  exit  this 
subfunction . 

a.  The  time  interval  between  the  current  filter  time  and  the  time  of 
the  radar  measurement  shall  be  computed: 

DELTATJJO  = T_CURRENT_FILT  - T_REND_RADAR 
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b.  Test  the  range  data  good  flag.  If  the  data  la  good,  perform 
the  following  steps: 

(1)  Call  the  measurement  interpolation  aubfunotion  to  interpolate 
the  Orbiter  state  vector  and  the  target- state  vector  to 

the  time  of  the  range  measurement  (see  aeetlon  4.2.8. 1.1): 

CALL:  RBMD_KAVJI(ITMP 

REND_ NAV_I NTS RP  sub function  shall  also  compute  an  Orbiter  or 
target  patch  transition'  matrix  PHI_PATCH,  the  normalized  line 
of  sight  vector  I _RHO,  and  the  magnitude  of  the  relative  posi- 
tion vector  R _RHO~used  in  this  sub function. 

(2)  The  rendezvous  radar  range  measurement  partial  veotor  is  computed 
with  the  following  equations: 

B1  to  6 = -(PHI.PATCHt  to  3,  1 to  6>T  I J«K> 

8^2  * ^.0 

(3)  The  estimated  range  measurement  and  the  range  measurement  resid- 
ual are  then  calculated: 

RNG  = R_RH0_MAG  ♦ SENS0R_BIAS3 

DBLQ  * QRR_RNG-RNG 

(4)  The  variance  of  the  uncorrelated  range  measurement  noise  is 
computed : 

VAR  = (SIG_RR_RNQ  + SLOPE_SIG_RR_RNG  R_RHO_MAG)2 
VAR  r MAXIMUM  VAR,  VAR_RR_RNG_MIN 

(5)  The  residual  test  ratio  from  the  previous  filter  cycle  and  the 
measurement  processing  control  flags  shall  be  set  as  follows: 


where  RANGE_EDIT_OVERRIDB  and  RANGE_STAT  come  from  the  sensor 
measurement~se lection  subfunction  (section  4.2.6)  and  the  NAV_ 
SIG3  comes  from  the  previous  navigation  cycle's  execution  of 
this  sub function  as  given  in  the  forthcoming  step  (7). 

(6)  The  Kalman  filter  update  subfunction  (section  4. 2. 8. 1.2)  shall 
then  be  oalled  to  update  the  state  and  the  covariance  matrix: 
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CALL:  REND_NAV_FILTER 

(7)  The  measurement  edit  flag,  the  residual  test  ratio,  and  the 
range  measurement  residual  shall  then  be  stored  for  subsequent 
computation  of  measurement  processing  statistics,  as  described 
<•  in  section  4.2.9: 

SBNSOR_EDXT3'  a EMT_FLAG 

*av_sig3  s HESID_TEST_RATIO 

SENSOR  JJELQj  = DELQ 

c.  Test  the  range  rate  data  good  flag.  If  the  data  is  good, 
perform  the  following  steps: 

(1)  Call  the  measurement  interpolation  sub function  (section 

4. 2. 8. 1.1)  to  interpolate  the  Orbiter  state  vector  and  the 
target  state  vector  to  the  time  of  the  range  rate  measurement: 

CALL:  REND_NAV_INTERP . 

REND_NAV_INTERP  sub function  shall  also  compute  an  Orbiter  or 
target  patch  transition  matrix  PHI_PATCH,  the  normalized  line 
of  sight  vector  I _RHO,  and  the  magnitude  of  the  relative  posi- 
tion vector  R_RH0  used  in  this  sub function.' 

(2)  The  rendezvous  radar  range  rate  measurement  partial  vector  is 
computed  with  the  following  equations: 

U _RDOT  = V _RHO/R_RHO_MAG  F3 

B1  to  3 = I _RH0  x (I  _RHO  X U _RDOT) 

®4  to  6 = - I JH® 

Bi  to  6 = (PHI_PATCH)TBito6 

b13  = 1.0 

(3)  The  estimated  range  rate  measurement  and  the  measurement  resid- 
ual are  then  calculated: 

RNGJDOT  = R _RH0'U  _RD0T  +SENS0R_BIAS4 

DELQ  = Q_RR_RNG_D0T-  RNG_DOT 

where  R _RH0  comes  from  the  interpolation  process. 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 
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(4)  The  variance  of  the  uncorrelated  range  rate  measurement  error 
ie  defined: 

VAR  * VARJttNQEJJOT  ; 

(5)  The  residual  test  ratio  from  the  previous  filter  cycle  and  the 
filter  processing  control  flags  shall  be  set  as  follows: 

RESID_RATIO_OLD  * NAVSIG4 

MAN UAL_KDIT_OVB RRI DE  > HDOT_BDIT_OVERRIDE 

STAT_FLAG  » RDOT_STAT 

where  RDOT_EDIT_OVERRIDE  and  RBOT_STAT  come  from  the  sensor  mea- 
surement selection  subfunction  ( section  4.2.6)  and  the  NAVJSIG4 
comes  from  the  previous  navigation  oyole* s execution  of  this 
sub function  as  given  in  the  forthcoming  step  (7). 

(6)  The  Kalman  filter  subfunction  (section  4. 2. 8. 1.2)  shall  then  be 
called  to  update  the  state  and  the  covarianoe  matrix: 

CALL:  REND_NAV_FILTRR 


\ ) 

SENSOR_EDIT4  = EDIT_FLAG 
NAV_SIGq  = RES ID_TEST_ RATIO 
SENS0R_DELQ4  = DBLQ 

B.  Interface  Requirements.  The  input  and  output  variables  for  the  rendezvous 
radar  range  and  range ~rate  measurement  subfunction  are  given  in  table 
4. 2. 8.1. 


(7)  The  measurement  edit  flag,  the  residual  test  ratio,  and  the 

range  rate  measurement  residual  shall  then  be  stored  for  subse- 
quent computation  of  measurement  processing  statistics,  as 
described  in  section  4.2.9: 


C.  Processing  Requirements.  This  subfunction  is  called  by 

NAVJJHORBITJffiNDEZVOUS  (section  4.2.1) 

D.  Constraints.  None 

E.  Supplementary  Information.  A suggested  implementation  in  the  form  of  a 
detailed  flowchart  can  be  found  in  Appendix  B under  the  name: 

RRDOT_NAV 


/ I 
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TABLE  4.2.8. 1 RRDOT  NAV  INPUT/OUTPUT 


o 


I • Variable  Nans 

! 

IB 

f 

IDELQ 

I 

I0ELTAT  GO 


(EDIT  FLAG 

I 

II  _RHO 

r 

!MANUAL_EDIT  OVERRIDE 
I 

INAV  SIG 

r 

I 

I PHI  PATCH 
l 

IQ  RR  RNG 
I “ 

!Q_RR  RNG_D0T 
I “ 

I R AN($_E  DI  T_0  VE  RR  IDE 
I 

IRANGE  STAT 
I 

(ROOT  DATA  GOOD 
I 

I RDOT_EDIT  OVERRIDE 
I 

I RDOTJSTAT 
I 

!RESID_RATIO_OLD 

I 

I RESID_TEST JRATIO 
I 

!RNG_DATA_GOOD 

I 

IP  _RHO 

r 

!R_RHO_MAG 
I “ 


Input  Source 


REND_NAV_FILTER 
REND  NAV  INTERP 


SETUP 


REND  NAV  INTERP 


NAV  ONORBIT  RENDEZVOUS 


NAV  ONORBIT  RENDEZVOUS 


REND  SENSOR  SELECT 


REND  SENSOR  SELECT 


NAV  ONORBIT  RENDEZVOUS 


REND_SENSOR_SELECT 
REND  SENSOR  SELECT 


REND_NAV_FILTER 

NAV  ONORBIT  RENDEZVOUS 


REND  NAV  INTERP 


REND  NAV  INTERP 


Output  Destination 


REND_NAV_FIL*IER 

REND_NAVJFILTER 

REND  NAV  INTERP, 
ONORBIT  SV  INTERP 


REND_NAV_FILTER 

MEAS  PROCESSING 
STATISTICS  REND" 


REND  NAV  FILTER 


•Onorbit/Rendezvous  principal  funotion,  see  section 
**Initialization  parameters,  see  section  4.7 
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TABLE  4. 2. 8.1 RRDOT  NAV  INPUT/OUTPOT.-  Conoluded 


•Onorbit/Rendezvous  principal  function,  see  section  4.2 
••initialization  parameters,  see  section  4.7 


I 

1 Variable  Name 

1 

! Input  Souroe 

! Output  Destination 

1 

!SELF_TEST_FLAG 

! NAV_ONORBIT  JRENDEZ  VOOS 

I 

! SENSOR  BIAS 
r " 

1 

! SETUP,  RENDJ*AV_FIl/IER 

I 

1 

(SENSOR  DELQ 

1 

1 

z 

! 

I 

| 

1 

IMEAS  PROCESSING 
1 STATISTICS_REND 

I 

1 SENSOR  EDIT 

! 

1 

1 

1 

! 

1 

IMEAS  PROCESSING 
! STATISTICS_REND~  • 

I 

l 

1SIG_RR_RNG 
1 ™ ** 

1 

|ll 

f 

1 

s 

!SLOPE_SIG_RR_RNG 

• 

! 

| «l 
| 

1 

| 

I 

!STAT_FLAG 

1 

i 

1 

1 

! REND_NAV_FILTER 
• 

(T_CURRENT_FTLT 

1 

! 

I NA  V_ONORBI  T_RENDEZ  VOUS 

I 

! 

| 

!T  REND_RADAR 

i 

I 

! NAV_ONORBI T_RENDEZ V OUS 

t 

! 

i 

1 

!VAR 

i 

1 

f 

t 

! 

! REND_NAV_FILTER 
1 

!VAR_RANGE_DOT 

1 

| M 

z 

! 

!VAR_RR_RNG_MIN 

1 

! 

| II 
• 

1 

1 

! 

(V  RHO 
— — . 

1 

! REND_NAV_INTERP 

z 

o 


I 


4*. 
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4. 2. 8. 1.1  Measurement  interpolation  (RBNDlNAV.,INTBRP)  The  rendezvous 
navigation  interpolation  sub function  is  invoked  by  the  rendezvous  sensor 
measurement  incorporation  subfunotions  and  is  responsible  for  providing 
parameters  that  have  been  interpolated  from  current  filter  time  back  to  the  ap- 
propriate sensor  measurement  time.  Specifically,  this  sub function  is  oharged 
with  the  following  tasks. 

- Invoke  the  onorbit  state  veotor  Interpolation  subfunotion  to  interpolate 
both  the  Shuttle  and  target  position  and  velocity  veotors  from  ourrent 
filter  time  to  the  time  of  the  measurement 

- Invoke  the  mean  oonic  partial  transition  matrix  subfunotion  to  oaloulate 
a patch  transition  matrix  from  ourrent  filter  time  to  the  measurement 
time  for  either  the  Shuttle  or  target  vehicle,  depending  on  which  vehicle 
state  is  to  be  updated  by  the  Kalman  filter 

- Calculate  the  relative  velocity,  relative  position  veotor,  range,  and  the 
line  of  sight  vector  between  the  Shuttle  and  target.  Each  of  these  param- 
eters is  computed  using  the  interpolated  positions  and  velocities 

A.  Detailed  Requirements.  The  following  steps  shall  be  performed  (in  the  order 
indicated) : 

1.  The  Orbiter  state  veotor  shall  be  interpolated  to  the  time  of  the  mea- 
surement with  the  use  of  the  state  vector  interpolation  subfunction  as 
described  in  section  4. 2. 8. 1.1.1. 

CALL:  ONORBIT  JSV_INTERP 

IN  LIST:  R _LAST,  V _LAST,  R FILT,  V FILT,  DV  COT, 

IGD,  IGO,~IDRAG,  I VENT,  ATFLjOV 

OUT  LIST:  R _RESID,  V _RESID,  A JtBSID 

2.  The  target  state  vector  shall  be  interpolated  to  the  time  of  the  measure- 
ment with  the  use  of  the  state  vector  interpolation  subfunction  as 
described  in  section  4. 2. 8. 1.1.1. 

CALL:  ONORBIT_SV_INTERP 

IN  LIST:  R TV_LAST,  V TV_LAST,  R _TV,  V TV,  0. 

GMJJEG,  GM_0RD7  DFL,  VFL JTV,  ATFL_TV 

OUT  LIST:  R _TV_RESID,  V _TV_RESID,  A _TV_RESID 

3.  Next,  the  SHUTTLE_FILTER_FLAG  is  tested  to  see  if  the  Shuttle  state  or 
the  target  state  is  to  be  included  in  the  Kalman  filter. 

a.  If  the  Shuttle  vehicle  is  the  filter  vehicle,  then  the  position- 

velocity  state  transition  subraatrix  subfunction  is  used  to  construct 
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an  Orblter  patch  transition  matrix  as  deaoribed  in  seotlon  4. 2. 5. 2 
for  use  in  the  measurement  partial  calculations*  ; 

CALL!  M5AN_C0N1  CJWIAl JTUNSmON JttTRlXjX6  , ’ 

IN  LIST:  R FILT,  V FILT,  TOT  ACC,  & JfflSJD,  V RES  ID, 

A ~RESID  ,""«DELTAT_GO 

OUT  LIST:  PHZ^PATCH  .. 

b.  If  the  target  vehicle  is  the  filter  vehicle,  then  the  position- 

velocity  state  transition  submatrix  sub function  is  used  to  construct 
a target  patch  transition  matrix  as  desoribed  in  section  4. 2. 5. 2 for 
use  in  the  measurement  partiala  calculation. 

CALL : MEAN_C0NIC_PARTIAL_TRANSITI0N_MATRIX_6X6 

IN  LIST:  R TV,  V TV,  0 TV,  R TV  RES  ID,  V TV  RES  ID, 

a ”tv_bbs£d,  -deltat Jxf 

OUT  LIST:  PHI_PATCH 

4.  The  following  auxiliary  parameters  will  be  ealoulated  for  use  by  the  mea- 
surement subfunotions . 

V _RB0  * V _TV_RESID  - V _RESID 

R _RHD  s R _TV_RESID  - R _RESID 

R_RHO_MAG  = R _RH0- 

If  R_RH0_MAG  is  less  than  a premission  determined  constant,  SENSORJBPS, 
then 

I_RH)I  s SENSQRJDELTA  FOR  I = 1 to  3 
R_RHO_MAG  = SENSOR_DELTA 

Otherwise , 

I _RHO  a R _RH0/R_J8f0_MAG  F3 

B.  Interface  Requirements.  The  input  and  output  data  are  shown  in  table 
4. 2. 8. 1.1. 

C.  Processing  Requirements.  This  subfunction  is  called  by  the  following 
subfunotions: 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 


ANGLE  NAV 


(section  4. 2. 8.3.1) 


RR_ANGLE_NAV  (section  4. 2. 8.2) 

RRDOT_NAV  (section  4.2. 8.1) 

Constraints.  None 

Supplementary  Information.  A suggested  implementation  in  the  form  of  a 
detailed  flowchart  may  be  found  in  Appendix  B under  the  name  REND  NAV 
INTERP. 
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TABLE  4. 2. 8. 1.1 RENIN AV_INTE RP  INPUT/OUTPUT 


1 

1 Variable  Name 

1 

1 

1 Input  Source 

1 

”1 

1 Output  Destination 
1 

! 

1 

1 

1A  RESID 

I0N0RBIT  SV  INTERP 

INBAN  CONIC  PARTIAL 

I 

1 

I TRANSITION-MATRIX  5x6 

1 

1 

I 

IATPL  OV 

|«* 

IONORBIT  SV  INTERP 

! 

1 

! 

IATPL  TV 

!*• 

IONORBIT  SV  INTERP 

1 

1 

1 

IA  TV  RESID 

IONORBIT  SV  INTERP 

(MEAN  CONIC  PARTIAL 

f " 

1 

itran5ition-matrix  5X6 

i 

1 

1 

IDELTAT  00 

ICOAS  NAV,  RR  ANGLE  NAV, 

(MEAN  CONIC  PARTIAL 

1 

IRRDOT  NAV,  STAR  TRACKER 

I TRANSITION  MATRIX  5x6 

I 

INAV 

1 

I 

I 

1 

IDFL 

!•* 

IONORBIT  SV  INTERP 

1 

1 

1 

IDV  COV 

INAV  ONORBIT  RENDEZVOUS,4 

* IONORBIT  SV  INTERP 

1 

1 

1 

!GM  DEG 

!•• 

IONORBIT  SV  INTERP 

1 

1 

1 

!GM  ORD 

!*• 

IONORBIT  SV  INTERP 

1 

1 

1 

IG  TV 

IONORBIT  REND  R V STATE 

(MEAN  CONIC  PARTIAL 

1 

IPROP 

(TRANSITION  MATRIX  6X6 

1 

1 

I 

! I DR AG 

IONORBIT  REND  R V STATE 

IONORBIT  SV  INTERP 

1 

IPROP 

1 

1 

1 

1 

HOD 

IONORBIT  REND  R V STATE 

IONORBIT  SV  INTERP 

1 

IPROP 

1 

1 

1 

1 

IIGO 

IONORBIT  REND  R V STATE 

IONORBIT  SV  INTERP 

1 

IPROP 

1 

1 

1 

1 

! I VENT 

IONORBIT  REND  R V STATE 

IONORBIT  SV  INTERP 

1 

IPROP 

1 

1 

1 

1 

IPHI  PATCH 

I MEAN  CONIC  PARTIAL 

(REND  ANGLE  PARTIALS, 

1 

{TRANSITION  MATRIX  5x6 

IRRDOT  NAV 

1 

I 

1 

! 

1 

1 

•Onorbit/Rendezvoua  principal  function,  see  section  4.2 
••Initialization  parameters,  see  section  4.7 
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TABLE  4.2.8. 1.1.-  REND_NAV_INTERP  INPUT /OUTPUT.-  Continued 


1 

1 

Variable  Name 

t Input  Source 

1 Output  Destination 

1 

1 

I 

1 

!R 

FILT 

10N0RBXT  REND  R V STATS 

JONORBIT  SV  INTERP, 

(PROP 

I MEAN  CONIC-PARTIAL 

1 

!TRANSITION~MATRIX  7x6 

J 

I 

1R 

LAST 

IOOV  LAST  RESET,* 

JONORBIT  SV  INTERP 

I 

J 

JR 

RES  ID 

JONORBIT  SV  INTERP 

(MEAN  CONIC  PARTIAL 

1 

! TRANSITION- MATRIX  7x6 

l 

1 

IR 

TV 

JONORBIT  REND  R V STATE 

JONORBIT  3V  INTERP, 

IPROP 

(MEAN  CONIC  PARTIAL 

I 

{TRANSITION  MATRIX  7x6 

I 

I 

JR 

JR 

_TV_LAST 

ICOV  LAST  RESET,* 

! 

JONORBIT  SV  INTERP 

JONORBIT  SV  INTERP 
J 

IMEAN  CONIC  PARTIAL 

TV  RES ID 

J 

{TRANSITION- MATRIX  7X6 

1 

t 

{SHUTTLE  FILTER  FLAG 

|9» 

f 

I 

1 

1 

JTOT  ACC 

1REND  BIAS  AND  COV  PROP 

IMEAN  CONIC  PARTIAL 

J - - - - 

! TRANSITION  MATRIX  7x6 

1 

1 

JV 

FILT 

JONORBIT  REND  R V STATE 

JONORBIT  SV  INTERP, 

JPROP 

IMEAN  CONIC  PARTIAL 

J 

(TRANSITION  MATRIX  6X6 

1 

I 

JVFL  TV 

l*« 

JONORBIT  SV  INTERP 

J 

J ! 

IV 

JV 

_LAST 

ICOV  LAST  RESET,* 

I 

JONORBIT  SV  INTERP 

JONORBIT  SV  INTERP 
! ! 
IMEAN  CONIC  PARTIAL 

RES  ID 

1 

(TRANSITION  MATRIX  7x6  ! 

i 

J 1 

IV 

TV 

JONORBIT  REND  R V STATE 

JONORBIT  SV  INTERP,  1 

IPROP 

IMEAN  CONIC  PARTIAL 

1 

!TRAN7lTION-MATRIX  7X6  I 

1 

1 ! 

IV 

TV  LAST 

ICOV  LAST  RESET,* 

JONORBIT  SV  INTERP  ! 

1 

1 ! 

1 

J 

J ! 

1 
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TABLE  11.2.6  * .1 RENDJIAV_INrEBP  INPUT/OUTPOT.-  Concluded 


Variable  Name 


Input  Souree 


Output  Destination 


V _TV_RESID 
I _RH0 

R _RH0 
R_RHO_MAG 

V _RHO 
SENSOR  EPS 


ONORBIT  SV  INTERP 


MEAN  CONIC  PARTIAL 
T RANS ITI ON~MATRI X J5x6 

REND  ANGLE  PART1ALS, 
RRDOT_NAV  rRR_ANGLE_NAV 

REND  ANGLE  PARTXALS, 
RRDOT_NAV  “ 

REND  NAV  FILTER, 

rrd6t_nav 

RRDOT  NAV 


ee 


SENSOR  DELTA 


«e 


**  Initialization  parameters,  see  section  4.7* 
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9. 2. 8. 1.1.1.  State  vaotor  interpolation  (ONORBIT_SV_INTERP) : The  state  vector 

Interpolation  aubfunotion  shall  provide  the  approximate  position,  velocity,  and 
acceleration  of  either  the  Orbiter  or  target  at  a specified  tine  within  a given 
propagation  interval  given  that  the  position,  velocity  and  acceleration  vectors 
are  known  at  both  ends  of  the  interval. 

The  tine  at  which  veotons  are  desired  la  the  tine  of  an  external  sensor  measure- 
ment , and  the  purpose  of  the  interpolation  is  to  enable  the  navigation  filter  to 
oaloulate  measurement  residuals  at  that  tine. 

The  method  utilized  for  interpolation  shall  oonsist  of  defining  a mean  oonlo  on 
the  basis  of  positions  and  velocities  of  the  vehicle  in  question  at  both  ends  of 
the  propagation  interval,  and  obtaining  the  desired  vectors  as  if  the  vehiole 
moved  along  this  mean  conio.  That  is,  a calculation  shall  be  made  to  determine 
the  point  on  the  mean  conio  corresponding  to  the  time  of  the  measurement,  and 
the  velocity  and  position  of  such  a point  shall  be  taken  as  the  state  of  the 
vehicle. 

A.  Detailed  Requirements.  This  subfunction  is  called  with  the  following  inter- 
nal variables  in  the  IN  LIST  and  the  OUT  LIST: 

IN  LIST:  R ONE,  V ONE,  R TWO,  V TWO,  V IMU  DIP,  IQD,  IGO, 

Tdm,  ivmT  Tatm 

OUT  LIST:  R _RESID,  V _RESID,  A _RESID 


position  and  velocity  of  the  vehicle  at  the  previous 
propagation  step; 


current  position  and  velocity 


difference  between  I MU  accumulated  sensed  velocities  at  the  cur- 
rent time  and  the  previous  time 


flags  for  the  call  to  the  acceleration  function  ACCSLjONORBIT 
(refer  to  section  9. 2. 3. 1.9  for  details  of  these' flags) 


The  following  steps  shall  be  performed  (in  the  order  indicated): 


where 
R _0NE  ) 

V _ONE  J 
R _W0  1 

V _TWO  ) 

V IMU  DIF 


IGD 

IGO 

IDM 

IVM 

IATM 
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1.  A oheok  of  tho  absolute  value  of  DBLTAT_00  (where  DELTAT_QO  la  the  cur- 
rent filter  tine  minus  the  tine  of  the  sensor  measurement)  against  a 
premiss lon-spec If led  tolerance  level  will  be  performed: 

IdELTAT_QoI  * EPSJTIME 

a.  Tf  it  Is  found  that  DELTAT_G0  In  absolute  value  is  less  than  or 
equal  to  the  tolerance,  the  values  of  the  position  and  velocity  of 
the  vehicle  at  the  current  tine  shall  be  used  as  the  state  at  the 
measurement  time;  the  tine  tag  at  the  measurement  instant  shall  also 
be  set  equal  to  the  current  tine: 

R _RESID  » R _TWO 

V _RESID  = V _TW0 

T_RESID  s T_CURRENT_FILT 

b.  If,  on  the  other  hand,  the  difference  between  the  tine  of  the  mea- 
surement and  the  current  tine  exceeds  the  tolerance,  perform  the 
following: 

(1)  Certain  parameters  associated  with  the  mean  conic  shall  be 
obtained 

R_TW0_INV  s 1 ./Ir  _TW0l  F3 

SMA  « 1.X  l./ll  _ONEl  ♦ R_TWO_INV 
— (V  ODE  * V flUE  ” 

♦ V~_TW0  * V__TW0)/(2.  EARTHMU})  F3 

Cl  s SQRT  (SMA)/SQR_EMU  F3.F4 

D_TW0  s R _TWO  * V _TWO 

and  the  time  tag  of  the  state  vector  at  measurement  time  shall 
be  set: 


f. RES ID  s T_CU RRENT_PILT -DEL TAT_GO 

Additionally,  set  R_FIN_TEMP_INV  8 0. 

(2)  The  F and  G series  subfunction  shall  then  be  called  (refer  to 
section  4 .2.5.2. 1 for  the  description  of  this  subfunct'on) 

CALL:  F AND  G 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 
«F4  This  equation  shall  be  protected  against  square  roots  of  a negative  number 
(Reference  3.6-4). 
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IN  LIST:  SMA,  - DELTAT  GO,  Cl,  R TWO,  R TWO  INV, 
R_FIN_TEMP_INV , V _TW07  D_TWO,  D_FIN_TEMP 

OUT  LIST:  F,  G,  FDOT,  GDOT,  SO,  SI,  S2,  S3, 

R _RESID,  R_FIN_INV,  THETA 

The  position  vector  (R  RESID)  comes  out  of  this  call;  the  ve- 
locity vector  (V  _RESID7  does  not,  but  it  can  be  calculated  on 
the  basis  of  FOOT  and  GDOT,  which  are  also  obtained  from  the  F 
and  G series  call: 

V _RESID  s FDOT  R 0 + GDOT  V _TWO 

2.  Finally,  the  modeled  acceleration  shall  be  obtained  by  invoking  the  ac- 
celeration function  with  the  position,  velocity,  and  time  (determined  by 
the  above  process)  in  the  calling  arguments  and  adding  the  central  force 
term.  The  sensed  acceleration  shall  be  found  by  dividing  the  difference 
in  accumulated  sensed  velocities  at  both  ends  of  the  propagation  inter- 
val by  the  duration  of  the  interval.  Total  acceleration  will  be  the 
sum  of  these  two. 


A _RESID  = ACCEL_0N0RBIT  (IGD,  IGO,  IDM,  IVM,  IATM,  R 

JIESID,  V _RESID,  T_RESID)  + V _IMU_DIF/DT_C0V  F3 

(refer  to  section  4. 2. 4. 1.1  for  the  description  of  this  subfunction) 

B.  Interface  Requirements.  The  input  and  output  data  are  shown  in  table 
4. 2. 8. 1.1.1. 


C.  Processing  Requirements.  This  subfunction  is  called  by 
REND  NAV  INTERP  (section  4.2.8. 1 1) 


D.  Constraints.  None 

E.  Supplementary  Information.  A suggested  implementation  in  the  form  of  a 
detailed  flowchart  may  be  found  in  Appendix  B under  the  name  of  ONORBIT_SV 
INTERP. 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 
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TABLE  A. 2. 8. 1.1.1—  ONORBIT_SV_  INTERP  INPUT/OUTPUT 


I 

1 Inlist/Outlist 

1 Internal  ! External 

! Name  ! Name 

1 

I 

I Input  Source 

1 

1 

1 

1 Output  Destination 
1 

t 

1 

1 

1 

tIATM 

IATFL  OV 

(REND  NAV  INTERP 

1 

! I DM 

I IDRAG 

IREND  NAV  INTERP 

1 

IIGD 

IIGD 

1 REND~NAV  INTERP 

1 

(IGO 

IIGO 

IREND  NAV  INTERP 

I 

IIVM 

IIVENT 

IREND  NAV  INTERP 

1 

!R  ONE 

IR  LAST 

IREND  NAV  INTERP 

1 

IR  TWO 

IR  FILT 

IREND  NAV  INTERP 

l 

!V  I WJ  DIF 

IDV  COV 

IREND  NAV  INTERP 

1 

!V  ONE 

IV  LAST 

IREND  NAV  INTERP 

1 

IV  TWO 

IV  FILT 

IREND  NAV  INTERP 

1 

1 

1 

J 

HATH 

IATFL  TV 

IREND  NAV  INTERP 

l 

IIDM 

IDFL 

IREND  NAV  INTERP 

1 

IIGD 

!GM  DEG 

IREND  NAV  INTERP 

1 

II  GO 

IGM  ORD 

IREND  NAV  INTERP 

1 

IIVM 

IVFL  TV 

IREND  NAV  INTERP 

IR  ONE 

IR  TV  LAST 

IREND  NAV  INTERP 

1 

IR  TWO 

IR  TV 

IREND  NAV  INTERP 

IV  IMU  DIF 

10. 

IREND  NAV  INTERP 

1 

IV  ONE 

IV  TV  LAST 

IREND  NAV  INTERP 

IV  TWO 

IV  TV 

IREND  NAV~ INTERP 

1 

1 

1 

1 

t A RES  ID 

! A RESID 

1 

IREND  NAV  INTERP 

IR  RES ID 

!R  RESID 

1 

IREND  NAV  INTERP 

IV  RESID 

IV  RESID 

1 

IREND  NAV"lNTERP 

1 

f 

1 

1 

IA  RESID 

IA  TV  RESID 

1 

IREND  NAV  INTERP 

IR  RESID 

IR  TV  RESID 

1 

IREND  NAV  INTERP 

IV  RESID 

IV  TV  RESID 

1 

IREMfNAV  INTERP 

1 

I 

1 

l 

1 

I 

1 

l 

1 

1 

I 

1 

1 

1 

I 

I 

1 

1 

1 

1 

1 

! 

1 

1 

1 

! 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

! 

1 

1 

1 

1 

1 

V 

i 
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TABLE  4. 2.8. 1.1.1.-  ONORBIT  SV  INTERP  INPUT/OUTPUT.-  Continued 


! 

! 

I 

! 

IDELTAT  GO 

I 

! 


Variable  Name 


IDT  COV 

IREND  BIAS  AND 

1 

1 

1 EARTH  MU 

1 n 

1 

I 

(EPS  TIME 

|M 

1 

I 

IF 

1 F AND  G 

1 

1 

IFDOT 

I F AND  G 

1 

l 

1G 

1 F AND  G 

1 

l 

IGDOT 

I F AND  G 

1 

1 

IR  FIN  INV 

1 F AND  G 

l 

! 

IR  RES  ID 

1 F AND  G 

1 

I 

ISQR  EMU 

I l 

1 

I 

ISO 

1 F AND  G 

1 

1 

IS1 

1 F AND  G 

! 

IS2 

I 

1 S3 
! 

IT  CURRENT_FILT 
! “ 

! THETA 

!+ 

! 

IC1 

I 

I 


Input  Source 


CO AS  NAV,  RR  ANGLE_NAV, 
RRDOT  NAV,  STAR_TRACKER 
NAV 


F_AND_G 

F_AND_G 

NAV_ONORBI T_RENDEZV OUS 
F_AND_G 
ACCEL  ONORBIT 


Output  Destination 


F AND  G 


ACCEL  ONORBIT 


F AND  G 


•Onor bit /Rendezvous  principal  function,  see  section 
••Initialization  parameters,  see  section  4.7 
‘tyalue  returned  from  the  function 


4.2 
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TABLE  4.2.8. 1.1.1.-  ONOBBIT_SV_INTERP  INPUT/OUTPUT.-  Conoluded 


i 

1 Variable  Name 

! 

1 

l 

1 

Input  Source 

I 

1 Output  Destination 
1 

! 

l 

l 

ID  FIN  TEMP 

I 

n 

I F AND  0 

I ~ 

I 

/. 

I 

ID  TWO 

1 F AND  G 

1 “ 

I 

1 

HATH 

1 

1 ACCEL  ONORBIT 

1 

I 

r 

uim 

I 

1 ACCEL  ONORBIT 

1 

1 

r 

IIGD 

I 

l ACCEL  ONORBIT 

1 

IIGO 

| 

1 “* 

I 

I ACCEL  ONORBIT 

1 

IIVM 

I 

1 

1 

I ACCEL  ONORBIT 

1 

I 

r 

IR  FIN  TEW  INV 

1 

1 F AND  G 

l 

IR  TWO 

| 

| “ 

I 

I F AND  G 

l 

l 

1 

IR  TWO  INV 

1 

t F AND  G 

l 

I 

I 

ISMA 

I 

I F AND  G 

1 

I 

1 

IT  RESID 

I 

1 ACCEL  ONORBIT 

1 

1 

l 

IV  RESID 

I 

I ACCEL  ONORBIT 

I 

IV  TWO 

| 

I 

1 

I F AND  G 

1 

l 

l 

I 

I 

I 

1 

1 

1 

1 

I 

1 

1 

l 

l 

I 

1 

1 

I 

I 

I 

I 

I 

1 

1 

1 

I 

I 

I 

1 

l 

1 

1 

1 

l 

I 

1 

1 

I 

1 

1 

1 

1 

I 

1 

l 

i 
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4. 2. 8. 1.2  Kalman  filter  updates  (RB)D_NAV»FILTER) The  Kalman  Filter  Updates 
subfunotlon  shall  be  responsible  for  the  processing  of  the  rendezvous  sensor 
measurement  data.  If  the  estimated  range  between  the  Orbiter  and  target 
vehicles  is  greater  than  or  equal  to  a design  dependent  minimum  range  threshold, 
then  the  Kalman  Filter  Updates  subfunotion  will  perform  the  following  major 
tasks. 

- A bilevel  residual  edit  test  will  be  performed  to  determine  whether 
the  Kalman  filter  scheme  will  be  used  to  update  the  state  veotor. 

This  subfunction  shall  be  able  to  respond  to  crew  requests  to  relax 
the  edit  criteria  thereby  increasing  the  likelihood  of  incorporating 
the  measurement  data  into  the  state  vector. 

- This  subfunction  shall  be  able  to  update  the  covarianoe  matrix  as 
well  as  the  state  vector  by  means  of  the  Kalman  update  equations. 

The  Kalman  filter  scheme  shall  be  modified  to  allow  for  underweighting 
of  the  estimated  sensor  variance  and  the  selective  updating  of  the 
unmodeled  acceleration  bias  states. 

- Finally,  the  Kalman  Filter  Updates  subfunction  shall  record  the  type 
of  data  processing  that  has  occurred  for  crew  display. 

A.  Detailed  Requirements.  For  the  measurement  type  to  be  processed  on  this 
cycle,  test  the  magnitude  of  the  relative  position  vector  (R_RH0_MAG) 
against  the  minimum  separation  distance  ( RNG_MJN ) to  determine  whether  or 
not  to  exercise  the  Kalman  filter  update  equations. 

If  R_RH0_MAG  K RNG_MIN,  the  EDIT_FLAG  is  to  be  set  to  OFF  in  order  to  blank 
the  display.  (Note:  The  measurement  subfunction  generates  the  partial 

vector,  the  residual,  the  magnitude  of  the  relative  position  vector,  and  the 
a priori  variance.)  The  logic  then  exits  REND_NAV_FILTER  without  exercising 
the  Kalman  filter  equations. 

If  R_RHO_MAG  > RNG_MIN,  exercise  the  Kalman  filter  update  equations, 
as  follows: 

1.  Test  the  SHUTTLE_FILTER_FLAG.  If  the  target  is  the  filter  vehicle 

( SHU TTLE_FILTE R_FLAG  = (FF) , the  sign  is  changed  on  the  measurement 
partials  vector. 

B1  to  6 ! “®1  to  6 

2.  The  scalar  quantity  BT_E_B  is  to  be  calculated  from  the  covariance 
matrix  E and  vector  measurement  partials  B, 

EB_COPY  = E B 

BT_E_B  = B • EB_C0PY, 

where  the  second  equation  requires  a dot  product.  The  partials  vector 
B shall  then  be  set  equal  to  zero  so  that  subsequent  measurement 
subroutines  will  only  be  required  to  calculate  nonzero  elements. 
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B * 0. 

The  quantity  HSJJELQ,  which  represents  the  expected  varlanoe  in  the  resi- 
dual, is  then  to  be  computed  by 

MS_DELQ  = BT_E_B  + VAR. 

3.  If  the  trace  of  the  filter  vehicle  position  portion  of  the  oovarianoe 
matrix  (Bi  \ + B2  2 * ®3  3)  is  greater  than  a threshold,  MS_POS_UND_WGT , 
then  the  denominator  of  the  Kalman  gains  is  underweighted  in  order  to  im- 
prove the  transient  response  of  the  filter. 

MS_DELQ  * MS_DELQ  ♦ K_UND_WGT(BT_E_B) 

4.  The  residual  test  quantity  (RGS1D_TBST)  shall  be  computed  for  the  resid- 
ual edit  test  and  for  display  purposes, 

RESIDJTEST  = (K_RES_EDIT)  MS_DELQ 

where  K_RES_EDIT  is  a premission  constant. 

5.  The  residual  edit  test  ratio  (RESID  TEST  RATIO)  is  to  be  computed. 

” “ F3 

RESID_TEST_RATIO  = ABS(DELQ)  / VRESID_TEST . F4 

6.  Test  STAT_FLAG  to  determine  if  the  residual  and  residual  ratio  have  been 
computed  on  this  cycle  for  display  purposes  only.  If  STATJFLAG  = ON, 
set 

EDIT_FLAG  = STAT 

for  display  (section  4.2.9)  and  exit  REND_NAV_FILTER.  If  STAT_FLAG  is 
OFF,  proceed  to  the  next  step  in  the  logic. 

7.  Preparations  for  a residual  edit  test  shall  be  performed.  If  the  manual 
edit  override  Is  inactive,  the  test  quantity  (TEST_VALUS)  shall  be  set 


OLD  is  tne  value  01  one  resiuuax  — ...  ..  . 

processed  as  calculated  by  the  state  and  covariance  measurement  incorpo- 
ration subfuncton  during  the  previous  navigation  cycle. 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3*6-3). 
F4  This  equation  shall  be  protected  against  square  roots  of  a negative  number 
(Reference  3.6-4). 
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8.  The  edit  test  (RESID_TEST_RATIO  < TEST_ VALUE)  is  performed. 

a.  If  the  test  fails,  the  edit  flag  is  set  to  ON  for  orew  information. 

EDIT_FLAG  a ON 

b.  If  the  measurements  are  to  be  incorporated,  then  update  the  state 
and  the  covariance  matrix. 

EXECUTE:  REND_STATE_AND_COV_UPDATE  CODE 

(1)  Compute  the  Kalman  filter  gain  and  update  and  symmetrize  the 
covariance  matrix. 

OMEGA  = EB_COPY/MS_DELQ  F3 

EI  I = EI  I " OMEGA  £ EBjCOPYj 

! ' for  I a 1,12  and 

EIfj  = EItj  - OMEGA!  EB_COPYj  J * I + 1,13 

EJ,I  = EI,J 

Finally,  813,13  * E13,13  ” OMEGA  ,3  EB_COPY^j. 

(2)  Test  the  SHUTTLE_FILTBR_FLAG . 

- If  the  Shuttle  vehicle  is  the  filter  vehicle  (SHUTTLE_ 
FILTER_  FLAG  = GN),  then  this  subfunction  shall  update 
the  shuttle  state  vector  by  application  of  the  following 
equations : 

R JILT  = R JILT  OMEGA,  to  3 DELQ 
V _FILT  = V JILT  ♦ CMEGA4  to  g DELQ 


- If  the  target  vehicle  is  the  filter  vehicle  (SHUTTLE JILTER^ 
FLAG  a OFF),  then  this  subfunction  shall  update  the  target 
state  vector  by  application  of  the  following  equations: 


R _TV  a R _TV  ♦ OMEGA,  to  3 DELQ 

V _TV  - V _TV  + OMEGA4  to  6 DELQ 

(3)  If  the  unmodeled  acceleration  bias  states  are  to  be  updated 

( UNMOD_ACC_BIAS_UPDATE JLAG  a ON),  then  this  subfunction  shall 
update~the~unmodeled  acceleration  bias  states  by  application  of 
the  following  equation: 


F3  The  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 
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UNMQD_ACC_BIAS  a UNMOD_ACC_BIAS  ♦ GMEQAy  to  9 DBLQ 

(4)  The  sensor  bias  states  shall  be  updated  by  application  of  the 
following  equation: 

SENSOR_BIAS  a SENSOR  JBIAS  ♦ OMEGA l0  to  13  DELQ 

where  DELQ  corresponds  to  the  appropriate  measurement  residual. 

After  executing  REND_STATE_AND_COV_UPDATE  code,  if  the  manual  edit 
override  is  active  (MANUAL~EDIT_OVERRIDE  = ON),  the  edit  flag 
is  set  to  FORCED. 


EDIT_FLAG  a FORCED 

Otherwise,  set  the  edit  flag  to  PROCESSED. 

EDIT_FLAG  a PROCESSED 

Both  the  FORCED  and  the  PROCESSED  conditions  result  from  measurement 
incorporation. 

It  is  required  that  the  residual,  the  residual  test  quantity  (RES ID  TEST 
RATIO),  and  the  residual  edit  flag  corresponding  to  each  measurement 
subfunction  be  saved  for  display  purposes. 

B.  Interface  Requirements.  The  inputs  and  outputs  for  this  subfunction  are 

given  in  table  4. 2. 8. 1.2.  ( ) 

r 

C.  Processing  Requirements.  This  subfunction  is  called  by  the  following 
subfunctions: 


ANGLE_NAV  (section  4. 2. 8. 3.1) 

RR_ANGLE_NAV  (section  4. 2. 8. 2) 

RRDOTJiAV  (seotion  4 .2 .8 . 1 ) 

D.  Constraints.  None 

E.  Supplementary  Information.  A suggested  implementation  in  the  form  of 
detailed  flowcharts  can  be  found  in  Appendix  B under  the  following  names: 

REND_NAV_  FILTER 

REND  STATE  AND  COV  UPDATE  CODE 
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TABLE  4. 2. 8. 1.2.-  REND_NAV_FILTER  INPUT/OUTPUT 


Variable  Name 


B 

DELTA JRESIDJIATIO 
DELQ 

E 

EDITJFLAG 

K_RESID_EDIT 

K_UND_WGT 

MANUAL_r.DIT_OVERRIDE 

MSJPOSJUNDJHGT 
R ES  ID_R  ATIOjOL  D 

RESID_TEST_RATIO 

R FILT 


Input  Source 


Output  Destination 


J 

IRRDOT  NAV,  RR  ANGLE  NAV, 
I REND  ANGLE  PARTIALS7 
! ANGLE  NAV  “ 

1 

!** 

I 

IRRDOT  NAV,  RR  ANGLE  NAV, 
iangle'nav 

I 

(REND  BIAS  AND  COV  PROP, 
irend~cov  initT  COVINIT 
iuvwru  a“bias_and 

! COVINIT,  SETUP 
I 
I 
I 
! 

I«e 

I 

l«» 

I 

IRRDOT  NAV,  RR_ANGLE_NAV , 
I ANGLE~NAV 
l 

!** 

I 

IRRDOT  NAV,  RR  ANGLE  NAV, 

IANGLE_NAV 

l 

I 

I 

l 

IONORBIT  REND  R V STATE 
1PHDP  ” 

I 

I 

I 

1 


REND_BIAS_AND_COV_PROP , • 


RRDOT_NAV,  RR_ANGLE  NAV, 
ANGLE  NAV 


RRDOT_NAV , RR_ANGLE_NAV , 
ANGLE_NAV 

COV  LAST  RESET,  SHUTTLE_ 
RESST,  OffORBIT  REND  R_V" 
STATE  JPROP  ,•  ,REL  NAV 
DISPLAY  UPDATES, REND" 

OOV  INlT,NAV_ONORBIT" 
RENDEZVOUS 


•Onor bit /Rendezvous  principal  function,  see  section  4.2 
••initialization  parameters,  see  section  4.7 
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TABLE  4.2.8. 1. 2. - RENO  NAV  FILTER  INPUT/OUTPUT.-  Continued 


Variable  Name 


RNG_MIN 

Rjnojua 

R TV 


SENSORJBIAS 

SHUTTLE_FILTER_FLAQ 

STAT_FLAG 

UNMOD_ACC_B IAS 

UNMOD_ACC_UPDATE_FLAG 

VAR 

V FILT 


Input  Source 


1 

i Output  Destination 
l 


H 

REND_NAV_INTBRP 

ONORBIT  REND  R V STATE 
PROP 


SETUP 


•» 


RRDOT  NAV,  RR  ANGLE  NAV, 
ANGLB~NAV 

ONORBIT  REND  R V STATE 
PROP 


ICOV  LAST  RESET,  TARGET 
! RESET,  ONORBIT  REND  R V 
! STATE  PROP,* ,RBL  NAV~  “ 
(DISPLAY  UPDATES, REND" 
(OOV  INIT,NAV  ONORBIT” 
(RENDEZVOUS  “ 

! 

(RR  ANGLE  NAV,  RRDOT  NAV, 
(ANGLE  NAV, NAV  ONORBIT 
(RENDEZVOUS 
l 
( 


RRDOT  NAV,  RR  ANGLE  NAV, 
ANGLE  JiAV 

REND  BIAS  AND  OOV  PROP, 

u a Bias  and  covinit 


1 

1 

(ACCEL  ONORBIT, 

(REND  BIAS  AND  COV  PROP, 

( nav  jiNORBit  juHezvous 

I 

l 

l 

lCOV_LAST  RESET, SHUTTLE 
(RESET,  ONORBIT  REND  R V_ 
(STATE  PROP , * , REL_NAV_”  ” 
(DISPLAY  UPDATES, REND_COV 
1 I NIT ,NAV_ONORBIT 
(RENDEZVOUS 

( 

I 
( 

I 
J 
I 


•Onorbit/Rendezvous  principal  function,  see  section  4.2 
••Initialization  parameters,  see  section  4.7 
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TABLE  4.2. 8. 1.2.-  REND  NAV  FILTER  INPUT/OUTPUT.-  Conducted 


Input  Souroo 


Output  Destination 


COV  LAST  RESET,  TARGET 
RESET,  ONORBIT  REND  R V 
STATE  PROP,«,REL  NAV  " “ 
DISPLXt  UPDATES ."FBI® 
COV  INIT,NAV  ONORBIT  “ 
RENDEZVOUS 


•Onorbit/Rendezvous  principal  function,  see  section  4.2. 
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4. 2. 8. 2 Rendezvous  Radar  Shaft  and  Trunnion  Angie  Measurements  (RR_ANQLE_NAV) 

This  subfunction  is  responsible  for  the  proper  processing  of  the  rendezvous 
radar  shaft  and  trunnion  angle  measurements . This  subfunotion  shall  perform  the 
following  tasks  only  when  the  rendezvous  radar  is  not  in  the  self  test  mode  and 
the  measurement  data  is  labeled  valid. 

- Calculate  the  partial  derivative  of  the  measurement  with  respect  to 
the  estimated  state  at  measurement  time. 

- Compute  the  estimated  measurement  and  the  measurement  residual. 

- Select  the  proper  variances  to  model  the  unoorrelated  measurement  errors. 

- Store  the  old  residual  ratio,  the  EDIT  OVERRIDE  flag,  and  the  STAT  flags 
into  temporary  locations  used  by  the  Kalman  Pilter  Updates  subfunotion 
(section  4. 2. 8. 1.2). 

- Schedule  the  Kalman  Pilter  Updates  subfunotion  to  process  the  data. 

- Store  the  ourrent  residual  ratio,  the  EDIT  flag  ami  the  measurement  resid- 
ual for  display  purposes. 

A.  Detailed  Requirements.-  Prooess  the  rendezvous  radar  angle  data  only  if  the 
data  are  valid  and  the  rendezvous  radar  is  not  in  the  self  test  mode  (SELP_ 
TESTFLAG  s OFF).  The  following  steps  shall  be  performed  in  the  order  “ 
indicated. 

1.  Compute  the  mean  of  1950  to  sensor  coordinate  transformation  matrix. 

M_M50_TO_SHiSOR  « M_B0DY_T0_RR  QUAT_T0_MAT ( Q_M50B0DY_RR ) 

2.  Compute  the  time  difference  between  current  filter  time  and  the  time  of 
the  rendezvous  radar  angle  data  measurements. 

DELTATjGO  = T_CURRENT_FILT  - T_REND_RADAR 

3.  Chi)  the  measurement  interpolation  subfunction  and  interpolate  the 
Orbiter  and  target  state  vectors  to  the  time  of  the  shaft  angle  measure- 
ment (see  section  4. 2. ‘8. 1.1) 

CALL:  REND_NAV_INTERP 

t 

4.  Call  the  angle  partials  subfunotion  to  oompute  the  partial  vector  (see 

section  4. 2. 8. 2.1)  7 

CALL:  REND_ANGLE_PARTIALS 

IN  LIST:  -M_M50_T0_SENS0R3 f \ t0  3 

5.  Calculation  of  the  partial  vector  is  completed  by  setting  the  appropri- 
ate value  in  the  bias  slot  of  that  vector. 
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B^o  a 1.0 

6.  Compute  the  estimated  shaft  angle  measurement  and  the  shaft  angle  mea- 
surement residual. 

SHAFT  a ARCTAN2  (-UM2*  U_M1>  ♦ SENSOR_BIAS1  F7 

DELQ  a q_RR_SHFT  RAD_PER_DBQ  - SHAFT 

7.  If  measurement  residual  (DBLQ)  falls  outside  the  range  - w to  s,  adjust 
DELQ  suoh  that  it  falls  inside  the  range. 

If  DBLQ  > 0.  DBLQ  a DELQ  - 2 ir 

DELQ  < 0.  DBLQ  ■ DBLQ  ♦ 2 ir 

8.  Assign  the  appropriate  variance  for  the  rendezvous  radar  shaft  angle. 

VAR  a VAR_SHAFT 

9.  The  residual  test  ratio  from  the  previous  filter  oyole  and  the  measure- 
ment processing  control  flags  shall  be  set  as  follows: 

RESID  RATIO  OLD  a MAX  (HAV  SIGi,  NAVSIQ^ 

MANUAL  EDIT'- OVERRIDE  a RR  ANGLES  EDIT  OVERRIDE 

STAT_FLAG  <:~RR_ANGLBS_STAT 

(where  RR_ANGLES_EDIT_OVERRIDE  and  RR_ANQLES_STAT  come  from  the  sensor 
measurement  seleotion’subf unction  (section  4.2.6)  and  NAVJ5IG  comes  from 
the  previous  execution  of  this  subfunotion  as  given  in  step  11). 

10.  Call  the  Kalman  filter  subfunotion  to  process  the  rendezvous  radar  shaft 
angle  measurement  (see  section  4. 2. 8. 1.2) 

CALL:  REND_NAV_PILTER 

11.  Store  tiie  output  data  from  the  Kalman  filter  subfunotion  in  the  appropri- 
ate variables  for  use  by  the  measurement  prooessing  statistics  sub- 
function. 

SENSOR  JED IT  j a EDIT_FLA0 

NAV_SI0i  a RES  ID_TEST_  RAT  1 0 

SENSOR_DELQ1  a DELQ 


F7  This  equation  shall  be  protected  against  arc  tangents  with  both  arguments 
equal  to  zero  (Reference  3.6-7). 
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12.  Call  tha  measurement  interpolation  aub function  to  interpolate  the 
Orbiter  and  target  atate  vectors  to  the  tlae  of  the  trunnion  angle 
measurement  (see  section  4.2.8. 1.1) 

CALL:  BEND_NAV_INTERP 

13.  Call  the  angle  partials  aubfunotlon  to  compute  the  partial  vector  (see 
section  4.2.8.2.1) 

CALL:  REND_ANQLE__PARTIALS 

HI  LIST:  UNIT(I  _RHO  x M_M50_T0_SBNS0R 3 ( t to3 ) 

14.  Chloulation  of  the  partial  veotor  is  completed  by  setting  the  appropri- 
ate value  in  the  bias  slot  of  that  vector. 

Bj')  * 1.0 

15.  Compute  the  estimated  trunnion  angle  measurement  and  the  trunnion  angle 
measurement  residual. 

TRUN  * ARCSIN(U_M3)  * SBMS0fl_BIAS2  P5 

DELQ  n q_RR_TRUW  KAD_PER_DEG  - TRUN 

16.  Assign  the  appropriate  variance  for  the  rendezvous  radar  trunnion  angle 

VAR  * VARJTHU1I 

17.  Call  the  Salman  filter  to  prooeaa  the  rendezvous  radar  trunnion  angle 
measurement  (see  section  4. 2. 8. 1.2; 

CALL:  REND_NAV_FILTBR 


B.  Interface  Requirements.-  The  input  and  output  variables  for  this  subfunction 
are  defined  in  table  4. 2. 8 .2. 


F5  This  equation  shall  be  protected  against  arc  sine  of  arguments  with  magni- 
tudes greater  than  unity  (Reference  3.6-5). 
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C.  Processing  Requirements.-  This  subfunction  is  called  by  NAV  ONORBIT 
ftfelfoEZVOtfs  (section  4.2.1). 

D.  Constraints.-  None 

B.  Supplementary  Information A suggested  implementation  in  the  form  of  a 
detailed  flowchart  can  be  found  in  Appendix  B under  the  name  RR_ANGLE_NAV. 
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TABLE  4. 2.8. 2.-  RR  ANGLE  NAV  INPUT /OUTPUT 


Variable  Name 


EDIT  FLAG 


I RHO 


M BODY  TO  RR 


NAV  SIG 


Q M50B0DY  RR 


Q_RR_SHFT 
Q RR  TRUN 


RAD  PER  DEG 


RES  ID  TEST  RATIO 


RR  ANGLE  DATA  GOOD 


RR_ANGLES_EDIT_OVERRIDE 
RR  ANO,ES  STAT 


SELF  TEST  FLAG 


SENSOR  BIAS 


T CURRENT  FILT 


Input  Source 


REND  NAV  FILTER 


REND  NAV  INTERP 


SETUP 


NAV  ONORBIT  RENDEZVOUS 


NAV_ONORBIT_RENDEZV  OUS 
NAV  ONORBIT  RENDEZVOUS 


REND_NAV_FILTER 
NAV  ONORBIT  RENDEZVOUS 


REND  SBISOR  SELECT 


REND  SENSOR  SELECT 


NAV  ONORBIT  RENDEZVOUS 


SETUP ,REND_NAV_FILTER 
NAV  ONORBIT  RENDEZVOUS 


Output  Destination 


MEAS_PROCESSING 
STATISTICS  REND 


QUAT  TO  MAT 


Initialization  parameters,  see  section  4.7 
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TABLE  4. 2. 8. 2-  RR  ANGLE  NAV  INPUT /OUTPUT.-  Concluded 


Input  Source 


Output  Destination 


T_REND_RADAR 
U _M 

VAR_SHAFT 
VAR_T  RUN 
B 

DELQ 

DELTAT_GO 

MANUAL_EDIT_OVERRIDE 
M_M50_TO_ SENSOR 
RESID_RATIO_OLD 
SENSOR_DELQ 

SENSOR  J3DIT 

STAT_FLAG 

VAR 

+ 

UNIT (I  _RHO  x M_M50_T0 
SENSOR3t1to3) 


NAV_ONORBIT_RENDEZVOUS 

REND_ANGLB_PARTIALS 

M 

»• 


QUAT  TO  MAT 


REND _NAV_FILTE  R 

REND_NAV_FILTER 

REND_NA  V_INTERP , 
ONORBIT_SV_INTERP 

REND_NAV_FILTER 

REND_ANGLE_PARTIALS 

REND_NAV_FILTER 

MEAS_PROCESSING_ 
STATIST!  CS_REND 

MEAS_P  ROCESS ING_ 
STATISTICS_REND , • 

REND_NAV_FILTER 

REND_NAV_FILTER 

REND  ANGLE  PARTIALS 


*» 


Onorbit/Rendezvous  principal  function,  see  section  4.2 
Initialization  parameters,  see  section  4.7 
+Value  returned  from  the  function 
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4.2. 8. 2.1  Angle  partlals  (R BID-ANGLE JPARTIALS) 

The  angle  partlals  subfunction  ( REND_ANGLES_PARTIALS)  is  a utility  subfunotlon 
whose  purpose  is  to  compute  the  angle  measurement  partial  derivatives,  with  re- 
spect to  the  Orbiter  position  and  velocity,  for  all  sensor  angle  measurements. 

The  partlals  veotor  is  used  by  the  Kalman  filter  update  subfunction,  REND_NAV_ 
FILTER  (section  4. 2. 8. 1.2). 

A.  Detailed  Requirements. - 

1.  First,  we  compute  RHO_PLANE,  which  is  the  projection  of  the  Shuttle /target 
relative  position  veotor,  R _RH0,  into  the  orthogonal  complement  plane 

of  the  axis  of  rotation  of~ the  angle  measurement , 

RHO_  PLANE  ■ R _RHO  - (R  __RHD  • I _N)I  _N, 
where  I _N  is  a unit  vector  along  the  axis  of  rotation. 

2.  Next,  the  partial  derivative  of  the  angle  measurement  with  respect  to  the 
Shuttle  position  and  velocity  is  computed . 

Bl  to  6 ^PHI.PATCHt  to  3,  1 to  6>T  • 

F3 

( UNI T ( RHO_PLANE  x I _N)/|  RHO_PLANE| 

PHI_PATCH  is  the  position-velocity  part  of  the  state  transition  matrix 
calculated  in  the  measurement  interpolation  subfunction,  REND_NAV_INTERP 
(section  4. 2 .8.1.1) . ” ' 

3.  Finally,  the  unit  vector  in  the  line  of  sight  direction,  I _RH0,  is 
rotated  into  sensor  coordinates 

U _M  = M_M50_T0_SENS0R  I _RHO 

B.  Interface  Requirements.-  Input  and  output  parameters  are  listed  in  table 
4. 2. 8. 2.1. 

C.  Processing  Requirements.-  This  subfunction  is  called  by  the  following 
sub functions : 

ANGLE_NAV  (section  4.2.8. 3.1) 

RR_ANGLE_NAV  (section  4.2.8. 2) 

D.  Constraints.-  None 

E.  Supplemental  Information.-  A suggested  implementation  of  the  angle  partlals 
subfunction  may  be  found  in  the  Appendix  B flowchart  REND_ANGLE  JPARTIALS . 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 
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TABLE  4. 2. 8. 2.1.-  REND_ANGLE_PARTIALS  INPUT/OUTPOT 


Inllst/Outlist 


Internal 

1 

External 

t 

Input  Souroe 

! Output  Destination 

Name 

t 

Name 

t 

1 

! 

! -M  M50  TO 

t 

! RR  ANGLE  NAV 

j SENSOR 3 j to 3 

I 

t 

! UNIT(I  RHO 

! RR  ANGLE  NAV 

! x M M50~TO 

1 

! SENS0R3,1to3> 1 

f -M  »60_T0_ 

1 ANGLE  NAV 

! SENSOR2 , 1 to3 

1 

1 

! -M  M50  TO 

1 ANGLE  NAV 

! SENSOR , 1 to3 • 
1 ! 

n 

##Onorbit/Rendezvous  principal  function,  see  section  4.2 
Initialization  parameters,  see  section  4.7 
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TABLE  4. 2.8.2. 1 — REND_ANOLB_PARTIALS  INPUT/OUTPUT.-  Concluded 


Variable  Name 

R _RHO 

PHI_PATCH 

M_M5°_T0_SENS0R 

U _M 
B 

I RHO 


Input  Souroe 

RBND_NAV_INTERP 

REND_NAV_INTRfP 

RR  ANGLE  NAV, 

STAR  TRACKER  NAV, 
COAS~NAV 


RENO  NAV  INTERP 


Output  Destination 


RR  ANOLE_NAV, 
ANGLE_NAV 

REND  NAV  FILTER 


3 


) 


^ ■ 
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4. 2. 8. 3 Star  Tracker  Horizontal  and  Vertical  Measurements  ( STAR_TRACKER_NAV ) 

This  subfunction  is  responsible  for  the  proper  processing  of  the  star  tracker 
vertical  and  horizontal  measurement  data.  This  subfunction  shall  perform  the 
following  tasks  provided  the  star  tracker  is  in  the  target  traok  mode  and  the 
angle  data  are  valid. 

- Store  the  mean  of  '50  to  star  tracker  transformation  matrix  for  use 
in  the  angle  measurements  subfunction. 

- Compute  the  time  difference  between  ourrent  filter  time  and  measurement 
time. 

- Invoke  the  angle  measurement  subfunction  for  the  processing  of  the 
angle  data  with  the  proper  IN  LIST  arguments. 

If  the  star  tracker  time  tag  is  too  close  in  value  to  the  star  tracker  time  tag 
on  the  last  filter  cycle  the  angle  measurement  subfunction  is  not  invoked  in 
order  to  avoid  the  processing  of  the  same  measurement  twice. 

A.  Detailed  Requirements.-  If  the  star  tracker  data  is  good  (ST_DATA_G00D  a ON) 

and  the  star  tracker  is  in  the  target  track  mode  (TRG_TRK_MODE  = ON),  then 

the  following  steps  shall  be  performed  in  the  order  indicated. 

1.  Store  the  mean  of  1950  to  star  tracker  transformation  matrix  into  the 
mean  of  1950  to  sensor  transformation  matrix  for  use  in  the  angle  mea- 
surements subfunetion  (section  4. 2. 8. 3.1) 

M_M50_TO_SENSOR  = M_M50_T0_ST 

2.  Compute  both  the  time  difference  between  the  current  time  and  the  star 
tracker  measurement  time  and  the  time  difference  between  the  current 
star  tracker  measurement  time  and  the  time  of  the  last  processed 
measurement . 

DELTATJ30  = T_CURRENT  FILT-r_STAR  TRACKER 

DELTAT_ST  = T_STAR_TRACKER-T_ST_LAST 

3.  Test  the  time  difference  between  the  current  star  tracker  measurement 
time  and  the  time  of  the  last  processed  measurement  to  avoid  the 
redundant  processing  of  the  star  tracker  data. 

If  DELTAT_ST  is  larger  than  a premission  time  difference,  then 

a.  Invoke  the  angle  measurement  subfunction  to  incorporate  the  star 
tracker  angle  data  into  the  filter  vehicle  state. 

CALL:  ANGLE  NAV 
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IN  LIST:  VAR  ST  HORIZ,  Q ST  HORIZ,  VAR  ST  VERT, 

Q ST  WERT,  ST  ANGLES  EDIT  OVEIriUe , 
ST_ANGLES_STAT 

b.  Set  the  time  of  the  last  Star  traoker  measurement. 

T_ST_LAST  « T_STAR_TRACKER 

B.  Interface  Requirements .-~The  input  and~ou;put  variables  for  this  subfunotlon 
are  defined  in  table  4. 2. 8. 3. 

C.  Processing  Requirements.-  This  subfunetion  is  called  by  NAV  ONORBIT 
RENDEZVOUS  (section  4.2.1). 

D.  Constraints None 

E.  Supplementary  Information.-  A suggested  Implementation  in  the  form  of  a 
detailed  flowohart  can  be  found  in  Appendix  B under  the  name  STAR  TRACKER_ 
NAV. 


TABLE  »4.2.8.3.-  STAR_TRACKER_NAV  INPUT/OUTPUT 


79FM10 


Variable  Name 

! 

! Input  Souroe 

! 

! Output  Destination 

MJ60_T0_ST 

! 

1 NAV_ONORBIT_RENDEZVOUS 

QJST_H0RIZ 

! NAV_ONORBIT_RENDEZVOUS 

t ANGLE_NAV 

Q_ST_VBRT 

! NAV_ONORBIT_RENDEZVOUS 
• “ 

I ANGLE_NAV 

ST_ANGLES_EDIT_OVERRIDE  ! REND_SENSOR  SELECT 
***  1 

1 ANGLE  _NAV 

ST_ANGLES_STAT 

I 

1 REND_SENSOR_SELECT 

! ANGLE_NAV 

ST_DATA_GOOD 

! 

1 NAV_ONORBIT_RENDEZVOUS 

T_CURRENT_FILT 

I 

I NAV_ONORBIT  RENDEZVOUS 
1 

TRG_TRK_MODE 

I 

! NAV_ON'ORBIT_RENDEZVOUS 

I 

T_STAR_TR ACRE  R 

I 

i NAV_0N0RBI T_RENDEZ V 00S 

VAR  _ST_HORIZ 

! 

1 11 

1 

! ANGLE_NAV 

VAR_ST_VERT 

l 

1 11 

! ANGLE_NAV 

DELTAT_GO 

1 

1 

! REND  NAV  INTERP, 

I 

1 

! ONORBIT_SV_INTERP 

M_M50_T0_SENS0R 

1 

! 

! ANGLE  NAV, 

! 

t 

! REND_ANGLE_PARTIALS 

DELTAT_ST_MIN 

* 

1 «« 

1 

! 

1 

! 

! 

i 

1 

I 

l 

1 

1 

! 

1 

t 

«• 


Initialization  of  parameters,  see  section  U .7 
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4.2.8. 3.1  Angle  measurements  (ANOLBJIAV) 

This  utility  subfunction  is  responsible  for  the  proper  processing  of  vertloal 
and  horizontal  angle  measurements  taken  by  either  the  OOAS  or  star  traoker. 

This  subfunction  shall  perfora  the  following  tasks  when  oalled  by  either  the 
COAS  or  star  tracker  vertical  and  horizontal  measurements  subfunction  (see  sec- 
tions 4. 2. 8. 4 and  4. 2. 8. 3,  respectively): 


- Calculate  the  partial  derivative  of  the  measurement  with  respect  to  the 
estimated  state  at  measurement  time. 

- Compute  the  estimated  measurement  and  the  measurement  residual. 

- Select  the  proper  variances  to  model  the  unoorrelated  measurement  errors. 

- Store  the  old  residual  ratio,  the  EDIT  OVERRIDE  flag,  and  the  STAT  flags 
into  temporary  locations  used  by  the  Kalman  filter  Updates  subfunction 
(section  4. 2. 8. 1.2). 

- Schedule  the  Kalman  filter  Updates  subfunction  to  process  the  data. 

- Store  the  current  residual  ratio,  the  EDIT  flag,  and  the  measurement  resid- 
ual for  display  purposes. 

A.  Detailed  Requirements.-  This  subfunction  is  called  with  the  following  inter- 

nal  variables  in  the  IN  LIST: 


IN  LIST:  VAR  HORIZ,  QHORIZ,  VAR  VERT,  OVERT, 

ANGLES_MANUAL_EDIT_OVERRIDE , ANGLES _STAT_FLAG 


where 


VARJHORIZ 
Q_HORIZ 
VAR_VERT 
Q VERT 


variance  of  the  horizontal  measurement 

horizontal  angle  measurement 

variance  of  the  vertloal  measurement 

vertloal  angle  measurement 

ANGLES_KANUAL_EDIT_OVERRIDE  manual  edit  override  flag 

ANGLES_STAT_FLAG  stat  flag 

The  following  steps  shall  be  performed  (in  the  order  indicated) : 

1 . Call  the  measurement  interpolation  subfunotion  to  interpolate  the 
Orbiter  and  target  state  vectors  to  the  time  of  the  vertical  angle 
measurement  (see  section  4. 2. 8.1.1). 


CALL: 


REND  NAV  INTERP 
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2.  Call  the  angle  partlals  subfunction  to  oonpute  the  partial  vector  (see 
seotlon  4 .2.8.2. 1) 

CALL:  REN  D_  A NGL  E_P  AR  T I ALS 

IN  LIST:  -M_M50_TO_SENS0R2 f i ^ 3 

3.  Calculation  of  the  partial  vector  Is  completed  by  setting  the  appropri- 
ate value  in  the  bias  slot  of  that  vector: 

Bji  a 1.0 

4.  Compute  the  estimated  vertical  angle  measurement  anu  the  vertical  angle 
measurement  residual. 

VERT  a ARCTAN2(-U_Mi , UJty  ♦ SENSOR.BIAS2  P7 

DELQ  a COVERT  - VERT 

5.  Assign  the  appropriate  variance  for  the  vertioal  angle 

VAR  a VAR_VERT 

6.  Set  up  the  required  inputs  to  the  Kalman  filter  subfUnotlon: 

RES ID_RATIO_OLD  a MAX  (NAV_SIG1 ,NAV_SIG2) 

MANUAL_EDIT_OVERRIDB  a ANGLES_MANUAL_EDIT_OVERRIDE 
STAT_  FLAG  a ANGLES_STAT_FLAG 

7.  Call  the  Kalman  filter  subfunction  to  process  the  vertical  angle  measure- 
ment (see  section  4.2.8. 1.2). 

CALL:  REND_NAV_FILTER 

8.  Store  the  output  data  from  the  Kalman  filter  subfunction  in  the  appropri- 
ate variables  for  use  by  the  measurement  processing  statistics 

sub function. 

SENSOR _DELQ2  * DELQ 
NAV_SIG2  a RES ID_TEST_ RATIO 
SENS0R_EDIT2  a EDITJLAG 


F7  This  equation  shall  be  protected  against  arc  tangents  with  both  arguments 
equal  to  zero  (Reference  3*6-7). 
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9.  Chll  the  measurement  interpolation  subfunotion  to  interpolate  the 
Orbiter  and  target  state  veotors  to  the  tine  of  the  horizontal  angle 
measurement  (see  section  4. 2. 8. 1.1). 

CALL:  RENDNAV.INTERP 

10.  Call  the  angle  part la Is  subfunotion  to  compute  the  partial  veotor  (see 
seotion  4 .2.8.2. 1). 

CALL:  REND_ANGLE_PARTIALS 

IN  LIST:  -M_M50_T0_SBNS0R1  f , to  3 

11.  Calculation  of  the  partial  veotor  is  completed  by  setting  the  appropri- 
ate value  in  the  bias  slot  of  that  veotor: 

B10  t 1,0 

12.  Compute  the  estimated  horizontal  angle  measurement  and  the  horizontal 
angle  measurement  residual. 

HORIZ  * ARCTAN2  (U_M2,0_M3)  ♦ SENSOR_BIAS1  F7 

DELL  « q_H0RIZ  - HORIZ 

13.  Assign  the  appropriate  varianoe  for  the  horizontal  angle 

VAR  8 VARHORIZ 

14.  Call  the  Kalman  filter  subfunction  to  process  the  horizontal  angle  mea- 
surement (see  seotion  4.2. 8. 1.2). 

CALL:  RENDJIAVJTLTBR 

15.  Store  the  output  data  from  the  Kalman  filter  subfunotion  in  the  appropri- 
ate variables  for  use  by  the  measurement  processing  statistics  sub- 
function . 

SENSOR  _DELQ1  = DELQ 

NAV_SI01  8 RES ID_TEST_RATIO 

SENSOS_EDIT1  s EDIT_FLA0 

B.  Interface  Requirements.-  The  input  and  output  variables  for  this  subfunction 

are  defined  in  table  4. 2. 8. 3.1. 


F7  This  equation  shall  be  protected  against  arc  tangents  with  both  arguments 
equal  to  zero  (Reference  3.6-7). 


4-242 


c 

c 


79PH10 

C.  Processing  Requirements.-  This  sub funo felon  is  ealled  by  the  following 
subfunotions: 

COAS  HAV  (section  4. 2. 8.4) 

STAR“TRACKER_NAV  (section  4. 2.8.3) 

D.  Constraints None 

E.  Supplementary  Information.-  A suggested  implementation  of  this  subfunotion 
in  the  form  of  a detailed  flowchart  can  be  found  in  Appendix  B under  the 
name 


ANGLE  NAV 
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TABLE  4. 2. 8. 3.1.-  ANGLE  JIAV  INPUT /OUTPUT 


! 

1 In  list /Out list 

1 Internal  1 External 

1 Nana  i Name 

t 

J 

1 Input  Source 

1 

1 

1 

t Output  Deatination 
1 

1 

I 

I 

1 

(ANGLES  MANUAL 

(00 AS  ANGLES 

1 00 AS  NAV 

1 

(EDIT 

(EDIT 

J 

I 

1 OVERSIDE 

(OVERRIDE 

1 

1 

(ANGLES  STAT 

IOOAS  ANGLES 

t COAS  NAV 

1 

(FLAG 

(STAT 

1 

1 

iq_HORIZ 

IQ  COAS  HORIZ 

1 COAS  NAV 

i 

INVERT 

IQ  COAS  VERT 

1 00 AS  NAV 

i 

(VAR  HORIZ 

(VAR  COAS  HORIZ  1 COAS  NAV 

j 

(VAR  VERT 

(VAR  COAS  VERT 

( COAS  NAV 

i 

I 

1 

1 

i 

(ANGLES  MANUAL 

1ST  ANGLES 

1 STAR  TRACKER  NAV 

i 

(EDIT 

(EDIT 

1 

i 

(OVERRIDE 

(OVERRIDE 

1 

i 

(ANGLES  STAT 

(ST  ANGLES  STATI  STAR  TRACKER  NAV 

i 

(FLAG 

1 

1 

i 

iqjJORIZ 

!Q  ST  HORIZ 

1 STAR  TRACKER  NAV 

i 

!Q  VERT 

!Q_ST  VERT 

( STAR  TRACKER  NAV 

i 

(VAR  HORIZ 

(VAR  ST  HORIZ 

( STAR  TRACKER  NAV 

i 

(VAR  VERT 

(VAR  ST  VERT 

1 STAR  TRACKER  NAV 

i 

1 

1 

1 

i 

1 

1 

1 

i 

! 

1 

1 

i 

1 

1 

1 

i 

1 

1 

1 

i 

« 

• 

1 

1 

1 

i 

1 

1 

! 

i 

! 

1 

1 

i 

I 

! 

1 

! 

J 

1 

t 

1 

l 

t 

1 

l 

! 

1 

1 

1 

1 

1 

1 

l 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

l 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

f 

1 

1 

I 

1 

J 

1 

1 

1 

1 

J 

1 

1 

1 

1 

1 
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TABLE  4. 2. 8.3.1.-  ANOLEJJAV  INPUT /OUTPUT.-  Concluded 


! Variable  Name 

! Input  Souroe 

! 

! Output  Destination 

t EDIT_FLAG 

I REND_NAV_FILTBR 

! 

| 

! M M50  TO  SENSOR 

! COAS  NAV, 

! REND  ANGLE  PARTIALS 

I STAR_TRACKER_NAV 

A 

1 

• 

1 NAV  SI6 

1 

| SETUP 

1 MBAS  PROCESSING 

ft 

! STATISTICS JtEND 
• 

! RESID_TEST_RATIO 

I 

! M^JttVJTCLTER 
• 

I 

! 

• 

1 SENSOR_BIAS 

! SETUP , REND_NAV_FILTER 

A 

l 

| 

l U _M 

! REND  ANGLE  PARTIALS 
! 

| 

! 

I 

• 

! B 

s 

! 

1 

! 

1 REND_NAV_FILTER 
| 

| delq 

! 

1 

l 

! REND_NA V_F  ILTE  R 

! MANUALJ3DITJ0VERRIDE 

! 

! 

1 

! REM)_NA  V_FILTE  R 
• ** 

! R ES ID_RATIO_OLD 

! 

1 

i 

! REND_NAV_FILTER 

■ 

1 SENSOR  DELQ 

! 

f 

! MEAS  PROCESSING 

i 

1 STATISTICS_REND 

1 SENSOR  EDIT 

! 

i 

1 MEAS  PROCESSING 

! 

! _STATISHCS_REND,» 
| 

! STAT_FLAG 

! 

t 

1 

1 REND_NAV_F  ILTE  R 
1 

! VAR 

! 

! 

! REND  NAV  FILTER 

1 

! 

! 

1 

1 

1 

! 

! 

1 

! 

I 

1 

! 

! 

! 

*Onorbit/Rendezvous  principal  function,  see  section  4.2 
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4. 2. 8. 4 CO AS  Horizontal  And  Vertical  Angle  Measurements  (C()AS_NAV) 

This  subfunotlon  la  responsible  for  the  proper  processing  of  the  COAS  horizontal 
and  vertical  angle  measurements.  This  subfunotlon  shall  perform  the  fallowing 
task  if  the  COAS  data  are  labeled  valid.  c* 

- Compute  the  time  difference  between  ourrent  filter  time  and  measurement 

time.  Also  we  will  oomnute  the  time  differenoe  (DBLTATjCOAS)  between 
the  ourrent  COAS  measurement  and  the  measurement  last  used  by  thin 
subfunotlon.  !*  ' - -v  r - 

- If  DBLTATJCOAS  satisfies  oriteria  for  staleneas  and  is  not  greater 
than  a design  dependent  threshold,  the  angle  measurement  subfunotlon 
shall  be  invoked  to  process  the  vertical  and  horizontal  angle  data. * 

• If  the  COAS  horizontal  and  vertical  angle  measurement  subfunotlon 
is  not  to  process  the  angle  data  for  statistical  display  purposes 
only,  then  the  time  of  the  last  COAS  measurement  is  reset. 

A.  Detailed  Requirements.-  If  the  COAS  data  is  good  ( CO AS_DAT A_GOOD  = ON),  then 
the  following  steps  (Thall  be  performed  (in  the  order  indicated): 

1.  Determine  the  delta  time  between  the  ourrent  time  and  the  time  of  the 
COAS  measurements  and  also  determine  the  delta  time  since  the  last 
processing  of  COAS  data. 

DELTAT_GO  = T_CURRENT  FIU  - T COAS 
DBLTATjCOAS  = T_COAS  - T_COAS__LAST 

2.  This  subfunotlon  will  only  prooess  COAS  data  if  the  COAS  data  have  not 
been  previously  prooessed  and  the  time  elapsed  sinoe  the  COAS  data  snap 
is  smaller  than  a design  dependent  time  delta. 

l.e. , if  DBLTATJCOAS  > DELTA! _C0AS_MIN 

AND 

DELTAT_QO  < DELTAT_COAS_MAX 

a.  Compute  the  mean  of  1950  to  sensor  coordinate  transformation  matrix. 

M_M50_TO_SE*)SOR  = M_B0DY_T0_C0ASC0AS_ID  MJ50_T0_B0DY_C0AS 

b.  Call  the  angle  measurements  subfunotlon  to  incorporate  the  COAS 
angle  data  (see  section  4. 2. 8. 3.1). 

CALL:  ANGLE_NAV 

IN  LIST:  VAR_C0AS  HORIZ,  Q COAS  HORIZ, 

VAR  COAS- VERT , Q 00AS  ?ERT, 

COAS  ANGLES  EDIT  OVERRIDE, 

COAS- ANGLES-STAT- 
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o.  If  the  COAS  data  were  processed  ( CO AS_ ANGLES  STAT  « OFF),  save 
the  time  of  the  COAS  data  for  use  on  the  next  filter  suboyole. 

,*  T_COAS_tAST  s T_COAS 

is  ■ • ■•"■  • ■••  '.t.  - ■-  ’ ' ■i'*A  ’ v i 

5 Interface  Requirements.-  The  input  and  output  variables  for  this  subfunction 
are  defined  in  table  4. 2. 8. 4.  • 

C. '  Processing  Requirements.-  This  subfunotion  is  oalled  by  NAV_0N0RBIT ' 

RENDEZVOUS  (section  4.2.1).  ” ! 

— • • - • .> 

t ' - ’ “ • ....  

D.  Constraints None 

E.  Supplementary  Information.-  A suggested  implementation  in  the  form  of  a 
detailed  flowchart  can  be  found  in  Appendix  B under  the  name  C0AS_NAV . 
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TABLE  4. 2. 8. 4.-  00 AS  NAV  INPUT /OUTPUT 


•a 


! Variable  Name 

I _ ' 

t 

I COAS  ANGLES  EDIT 
I OVERRIDE 
I 

! COAS  ANGLES  STAT 
I ] 

I COAS_DATA  GOOD 
1 

! COAS  ID 
! 

! DELTAT  COAS  MAX 
t 

I DELTAT  COAS  MIN 
! 

! M BODY  TO  COAS 
l 

! M M50  TO  BODY  COAS 
! 

! Q COAS  HORIZ 
I 

I Q COAS_VERT 
! 

! T_CQAS 
1 

I T COAS_LAST 
I 

1 T CURRENT  FILT 
! 

I VAR  COAS  HORIZ 
I 

I VAR  COAS  VERT 
I 
! 
t 


Input  Source 


Output  Destination 


REND  SENSOR  SELECT 


RBND_SBNSOR 

NAV_ONORBIT 

MAV_ONORBIT_ 

«« 

•• 

«« 

NAV_ONORBIT_ 

NAV_ONORBIT_ 

NAV_ONORBIT_ 

NAV_ONORBIT_ 

M 

NAV_ONORBIT_ 

»» 

o 


SELECT 

RENDEZVOUS 

RENDEZVOUS 


RENDEZVOUS 

RENDEZVOUS 

RENDEZVOUS 

RENDZVOUS 

RENDEZVOUS 


ANGLE  NAV 


ANGLE  NAV 


ANGLE_NAV 
ANGLE  NAV 


ANGLEJIAV 
ANGLE  NAV 


«i 


Initialization  parameters,  see  section  4.7 


jam  wax***®  -»-»***■ 
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TABUS  4.2. 8.4.-  COASJIAV  INPUT /OUTPUT.-  Concluded 


I Variable  Name 

____  — j ■ 

Input  Source  1 Output  Destination 

V,i7». 

1 

t DELTAT  GO 

1 

! REND  NAV  INTBRP, 

! 

1 ONORBIT  SVJCNTERP 

I 

J 

I 

1 

! M «50  TO  SENSOR 

1 

1 ANGLE  NAV, 

1 

I 

1 REND  ANGLE  PARTIALS 

1 

I ...-' 

- 1 - -"i 

1 , .V  • i- 

• 

i 

...";  | 

! 

t ~ ^ 

! 

1 

| , 

1 

1 

1 

J 

! 

! 

I 

1 

! 

! 

! 

1 

1 

! 

! 

i 

( 

1 

! 

1 

1 

I 

t 

! 

! 

1 

! 

! 

1 

! 

1 

1 

! 

! 

1 

! 

i 

1 

t 

I 

1 

! 

1 

1 

1 

1 

I 

! 

1 

t 

t 

1 

! 

! 

! 

I 

! 

! 

t 

1 

1 

! 

t 

I 

! 

I 

! 

1 

! 

1 

! 

! 

I 

! 

1 

1 

! 
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*1.2.9  Measurement  Processing  Statistics  (MEA5.JR0CESSINQ..8TATISTICS-.REND) 

During  rendezvous  navigation  phases  that  utilize  external  measurements,  the  mea- 
surement processing  statistics  subfunotion  will  oompute  for  display  certain  pa- 
rameters that  are  indicative  of  the  condition  of  the  navigation  filter  and  the 
external  sensor  measurements  that  it  utilizes.  These  display  parameters  serve 
as  the  basis  for  the  crew  decision  as  to  how  external  measurement  data  are  to  be 
processed  by  the  nav  filter. 

The  measurement  processing  statistics  subfunotion  will  be  performed  after  the 
state  and  oovarianoe  measurement  incorporation  subfunotions  have  been  performed. 
Filter  edit  indicators,  which  will  have  been  initialized  to  a default  value  dur- 
ing the  sensor  measurement  selection  subfunction,  will  be  redefined  during  per- 
formance of  the  state  and  oovarianoe  measurement  incorporation  subfunotions. 

This  will  indioate  to  the  measurement  processing  statistics  subfunotion,  for 
each  measurement  type  being  utilized,  which  of  the  following  five  oases  has 
ooourred : 

- Edit  indicator  * OFF  - The  filter  was  not  configured  for  the  measurement 
type  or  the  data  were  bad  and  the  filter  did  not  attempt  to  process  data 
of  that  type . 

- Edit  indicator  * ON  - The  filter  did  attempt  to  process  the  measurement 
type  but  automatically  edited  the  data. 

- Edit  indicator  * PROCESSED  - The  filter  processed  the  measurement  type  as 
a result  of  the  data  satisfying  the  edit  criterion. 

- Edit  indicator  = ST AT  - The  filter  was  used  solely  for  producing  the  re- 
sidual and  ratio  parameters  for  display. 

- Edit  indicator  = FORCED  - The  filter  processed  the  data  as  a result  of  a 
crew  edit  override. 

Moreover,  the  state  and  covariance  measurement  incorporation  subfunction  will 
provide  the  measurement  processing  statistics  subfunction  with  the  value  of  each 
measurement  residual  and  the  corresponding  residual  edit  ratio  value.  The  data 
supplied  to  the  measurement  processing  statistics  subfunotion  are  used  to  com- 
pute statistics  for  the  sensor  measurement  type  selected. 

For  each  measurement  type,  the  following  parameters  are  to  be  computed  for  dis- 
play to  show  how  well  the  navigation  filter  is  processing  external  measurements 
of  that  particular  type: 

DISP_DELQj  - The  actual  measurement  residual  computed  by  the  nav  filter  for 
the  Ith  measurement  type. 

DISP_SIQi  - The  resi  ual  edit  ratio  for  the  Ith  measurement  type.  The  ratio 
is  the  absolute  value  of  the  measurement  residual  divided  by  the  square  root 
of  the  scaled  value  of  the  residual  variance  for  the  measurement  type.  (See 
section  4. 2. 8. 1.2  for  the  definition  of  RESID  TEST  RATIO.) 


i 


) 


) 
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N_ACCEPTj  - The  number  of  dafca  marks  for  the  Ith  measurement  type  which 
have  been  used  to  update  the  nav  state  vector. 

N_REJECTj  - The  number  of  data  marks  for  the  Zth  measurement  type  which  have 
been  automatically  rejected  as  a result  of  failing  the  nav  filter  edit  crite- 
rion . 


DISP_EDITj  - The  status  indioator  which  shall  be  displayed  as  a BLANK  unless 
the  nav  filter  has  edited  a predetermined  number  of  sequential  data  marks 
for  the  Ith  type.  In  this  oase,  the  status  indioator  shall  be  displayed  as 
the  symbol,  +.  Once  set,  the  down  arrow  symbol  shall  oontinue  to  be  dis- 
played until  a predetermined  number  of  sequential  data  marks  have  been  pro- 
cessed by  the  nav  filter,  or  until  a data  mark  has  been  processed  by  the  nav 
filter  as  a result  of  the  orew  setting  the  appropriate  AUTO/INHIBIT/FORCE 
flag  to  FORCE. 

If  valid  data  were  not  presented  to  the  filter  or  if  the  estimated  distance  be- 
tween vehicles  is  less  than  a specified  value  (RANGE_MIN) , then  these  parameters 
will  maintain  the  values  defined  during  the  previous  filter  subcyole. 

The  ACCEPT/REJECT  counters  are  initialized  to  zero  whenever  the  covariance 
matrix  is  reinitialized,  when  leaving  rendezvous  navigation,  when  the  corre- 
sponding sensor  type  is  changed,  or  when  the  IMU  sensed  accelerations  exceed 
a premission  specified  amount  (MEAS_THRBSHOLD) . 

Sensor  data  will  consist  of  two  types:  angular  data  and  range  data.  The  angu- 

lar data  will  consist  of  a pair  of  angles  from  one  of  three  mutually  exclusive 
sources  - OOAS,  star  tracker  (ST),  or  rendezvous  radar  (RR).  The  range  data  will 
consist  of  range  and  range  rate  from  the  rendezvous  radar.  Angular  data,  from 
whichever  source  has  been  chosen,  can  be  utilized  in  conjunction  with  range 
data. 

A.  Detailed  Requirements.-  The  correspondence  between  the  measurement  type  and 
the  subscript,  I,  shall  be  as  follows: 


1=1-  ODAS  horizontal  angle,  ST  horizontal  angle,  or  RR  shaft 


For  each  value  of  the  integer  I in  the  interval  (l,4),  the  following  steps 
shall  be  performed  (in  the  order  indicated)  when  SENSOR_EDITj  i OFF: 

1.  DISP_DELQj  and  DISPJSIGj  are  given  the  values: 


0 
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DISPJ>ELQi  a SSNSOR_DELQI 
DISPJSIGj  • NAVJSIQj 

where  SENSOR_DELQj  and  NAV^SIOj  were  ooopubed  in  the  state  and 
oovarianoe  measurement  incorporation  sub funo lions  (seotiona  4. 2.8.1 
through  4. 2. 8. 4). 

2.  For  the  range  measurement, 

I » 3, 

the  residual  is  oonverted  to  kilofeet: 

DISPJJELQj  = DISP_DELQx/ 1000.0 

3.  For  the  angle  measurements, 

I * 1 or  2, 

the  residuals  are  converted  to  degrees: 

DISP_DELQj  = DISP_DELQi  DEG_PER_RAI> 

4.  Test  the  SENSOR JBDIT  value  for  the  Ith  measurement  type 

a.  If  SENS0R_EDITj  = ST AT,  DISP_EDITi  shall  be  given  the  value  BLANK: 

DISPJEDITi  a BLANK 

The  logic  then  exits  from  MEAS_PROCBSSING_STATISTICS_REND. 

b.  If  SENS0R_EDITI  i STAT,  then  test  SENS0R_EDIT  again. 

(1)  If  SENSOR_EDITj  8 ON,  the  sequential  accept  counter  shall  be 
set  to  zero: 

SEQ_ACCEPTI  s 0, 

the  counter  for  the  number  of  marks  rejected  by  the  nav  fil- 
ter shall  be  incremented  by  one: 

N_R EJECT j = N_REJECTI  + 1, 

and  the  sequential  reject  counter  shall  be  incremented  by 
one: 


SEQ_REJECTI  = SEQ_REJECTi  ♦ 1 


If  SEQ  RBJECTt  la  found  to  exoend  a predetermined  number , 
RBJ_  MAX,  DISP_EDITj  shall  be  set  to  * to  lndioate  that 
a number  of  sequential  data  narks  have  been  wilted. 

DISP_EDITj  * + 

(2)  If  SBNSOR_EDITx  i ON,  then  the  sequential  rejeot  oounter 
shall  be  set  to  zero: 

SEq_REJBCTj  s 0, 

the  oounter  for  the  number  of  marks  processed  by  the  nav  fil 
ter  shall  be  incremented: 

N_ACCEPTx  s NjACCEPTx  + 1, 

and  the  sequential  accept  counter  shall  be  also  Incremented: 
SEQ__ACCEPTx  s SEq_ACCBPTi  + 1 

If  SEQ  ACCEPTx  exceeds  a pre-determined  number  ACC_MIN , or 
SENSOR'eDITi  has  a value  of  FORCED,  DISP_EDITx  is  given  the 
value  BLANK: 

DISPJEDITj  « BLANK 

If  the  indicator  SENSOR_EDITx  is  found  to  have  the  value  OFF  on  the  initial 
check,  both  DISPJDELQx  and  DISPJSIGx  shall  maintain  the  previous  values 
from  the  prior  filter  subcycle. 

B.  Interface  Requirements.-  Input  and  output  parameters  are  listed  in  table 
4.2.9. 

C.  Processing  Requirements.-  This  subfunction  is  oalled  by  NAV  0N0RBIT_ 
RENDEZVOUS  (section  4.2. 1 ) . 


D.  Constraints.-  None 

E.  Supplementary  Information.-  A suggested  implementation  for  this  subfunction 
may  be  found  in  the  detailed  flow  chart  of  Appendix  B entitled  MEAS 
PROCESSING  STATISTICS  REND. 
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TABLE  4.2.9.-  MEAS_PROCKSSINQ_STATISTICS_RBND  INPUT/OUTPUT 


Variable  Name  ! Input  Souroe  I Output  Deatinatlon 

I 


DEG  PER  RAD 


D1SP_DELQ 
DISP  EDIT 


DISP  SIG 


N ACCEPT 


NAV  SIG 


N REJECT 


REJ  MAX 


SENSOR  DBLQ 


SENSOR  EDIT 


SETUP, 

DISPLAY_COUNT_INIT 

RRDOT  NAV,  RR  ANGLE 
NAV,  ANGLBJJAV,  SETUP 


SETUP, 

DISPLAY  COUNT  INIT 


RRDOT_NAV , RR  ANGLE  NAV, 
ANGLE_NAV 

REND  SENSOR  SELECT, 

RRDOT  NAV,  IR  ANGLE  NAV, 
ANGLE  NAV 


Onorbit/Rendezvous  principal  function,  see  section  4.? 
Initialization  parameters,  see  section  4.7 
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TABLE  4.2.9.-  «AS  PROCESS INO  STATISTICS  REND 
INPUT /OUTPUT.-  Concluded 


Variable  Name 


Input  Source 


Output  Deatlnation 


SEQ_ACCEPT 


SETUP 

DISPLAY_COUNT_INIT 


SEQ_REJBCT 


t 

SETUP 

DISPLAY_COUNT_INIT 


#*Onorbit/Rendezvous  principal  function,  see  section  4.2 
Initialization  parameters,  see  section  4.7 


•v  * 
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4.3  ONORBXT  PRECISION  STATE  PREDICTION  PRINCIPAL  FUNCTION 

A capability  shall  be  provided  for  prediotlng  the  position  and  velooity  of  the 
Orbiter  or  target  at  some  final  tine  in  the  future  or  past,  when  an  initial 
state  and  tins  are  given. 

The  Onorblt  Precision  State  Prediction  principal  Amotion  shall  make  no  use  of 
the  IMU  accumulated  sensed  velocities  and  therefore  is  a free-flight  prediction 
prooess  even  though  it  may  be  performed  during  periods  of  flight  in  whieh  naviga- 
tion is  usirg  accumulated  sensed  velocities. 

Since  this  principal  function  shall  be  used  for  different  purposes  having  differ- 
ent environmental  requirements  in  various  navigation  phases,  the  user  shall,  by 
setting  the  control  flags  to  the  appropriate  values  and  by  ohooslng  the  predic- 
tion method  or  integration  step  size,  have  the  option  to  trade  off  the  accuracy 
of  toe  integration  and  the  fidelity  of  toe  mathematical  models  in  favor  of  toe 
shorter  execution  time.  This  is  accomplished  with  parameters  specified  prior  to 
the  invoking  of  toe  Onorblt  Precision  State  Prediction  principal  funotlon. 

Table  4.3-1  is  the  principal  funotion  input  and  output  list  and  stows  data  flow 
between  toe  Onorblt  Precision  State  Prediction  principal  function  and  other  prin- 
cipal functions. 

This  principal  function,  which  provides  for  Onorblt  precision  state  prediot.'on 
and  rapid  state  prediction  of  the  Orbiter  or  target  position  and  velocity 
states,  shall  use  either  a fourth-order  Runge-Kutta  numerical  integration  tech- 
nique, modified  with  Gill's  coefficients,  or  a single-step  two-body  method 
(rapid  state  prediction).  The  S.  Pines  formulation  of  toe  equations  of  motion 
shall  be  used  with  each  technique.  Detailed  requirements  for  the  Runge-Kutta- 
Qill  integration  technique  and  toe  Pines  formulation  are  provided  in  seotlons 
4.3.1  and  4.3.2.  Nonccntral  body  accelerations  shall  be  generated  by  the  user- 
selected  acceleration  models  (section  4. 2. 4. 1.1)  to  account  for  perturbations 
due  to  drag,  venting  and  uncoupled  thrusting,  and  variations  in  toe  Barth's 
gravitational  potential. 

A.  Detailed  Requirements.-  The  Onorblt  Precision  State  Prediction  principal 
' function  computational  scheme  shall  be  performed  as  follows: 

1.  The  desired  gravity  (GMDP  and  (MOP),  drag  (Dfff),  venting  and  uncoupled 
thrusting  (VHP),  and  vehicle-attitude  (ATMP)  mode  flags  shall  be 
obtained  from  the  user,  together  with  the  prediction  integration  step 
size  (PRED_STEP),  initial  state  and  time  (JR  _PRED_INIT,  V _PRED_INIT, 
and  T_PRED_IMIT),  and  final  time  at  the  end  of  the  prediction  interval 
(T_PRED_FINAL).  If  prediction  is  being  performed  for  toe  Orbiter  (i.e., 
ATM5  s T),  the  Orbiter  mass  to  be  used  during  prediction  shall  be  user 
specified  ( PRED_ORB_MASc ) along  with  an  Orbiter  reference  area  (PRED_ORB_ 
AREA)  and  drag  coefficient  (PRED_ORB_CD) . “ ~ 
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The  Initial  state  vector  shall  then  be  renamed  for  use  in  the  Pines  eoua- 
tions-of-motion  formulation  and  the  seventh  variable  of  integration 
(XN7)  initialized  to  zero: 

JOh  to  3 ■ £ _PRBD_INIT 

XN4  to  6 * 1 _FRED_INIT 

XNy  * 0. 

In  the  above  equations,  the  seventh  variable  of  Integration  (XN7,  re- 
quired by  the  Pints  technique),  is  the  Integrated  initial  time  T PRED 
INIT. 

2.  A check  shall  now  be  made  on  the  gravity  mode  flag  (GMDP)  to  determine 
if  prediction  is  to  be  accomplished  through  the  use  of  a simple  two-body 
solution  of  a more  precise  integration  technique. 


! GMDP  * 0 


a.  If  a two-body  solution  is  required,  (l.e.,  GMDP  * 0)  the  prediction 
interval  is  computed  as 

i_CUR  * T_PRED_FINAL  - T_PRED_INIT 

b.  If  a more  precise  integration  technique  is  required  (i.e.,  GMDP  i 
0),  several  steps  shall  be  performed  to  set  up  parameters  required 
for  the  integration  process. 

(1)  The  input  prediction  step  (PREDJ5TEP)  is  checked  against  a 

permission  loaded  maximum  stepsize  (DT_MAX)  to  verify  its  rea- 
sonability: 


* V 

I PRED  STEP  * DT  MAX  > 


If  the  input  step  is  greater  than  the  allowable  maximum,  then 
the  value  is  reset  to  the  maximum  stepsize  pre-mission 
loaded : 

PRED_STEP  * DT_MAX 

Otherwise,  the  prediction  stepsize  input  is  left  unchanged. 
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(2)  Next,  the  total  prediotion  time  interval  is  calculated 
from  the  input  initial  and  final  tl^es,  and  the  current 
integrator  time  is  set  to  aero: 

TIM3JDEL  s T_PRBD_FINAL  - T_PRED_INIT 

T_ CUR  * 0. 

(3)  If  the  total  prediction  time  interval,  TIMB_DEL,  is  less 
than  zero,  a backward  prediction  has  been  requested  and 

the  internal  integration  step  (DTJSTEP)  is  set  to  a negative 
value  of  the  input  stepslae:  ” 


! \ 

If: 

1 TIME  DEL  < 0.  > 

! “ X 

Then: 

DT  STEP  = - PRED  STEP 

Otherwise,  TIFB_DEL  ^ 0.,  the  internal  prediction  step 
is  set  to  the  input  prediction  step: 

DTJSTEP  = PRED__STEP 

(4)  The  actual  integration  of  the  Orbiter  or  target  state  equa- 
tions (formulated  according  to  the  Pines  technique)  shall 
now  be  performed  by  proceeding  as  follows  for  each  step  in 
the  integration  interval.  Note  that,  in  the  Pines  equa- 
tions-of-motion  formulation,  it  is  the  initial  conditions 
(R  _PRED_INIT,  V _PRED_INIT,  and  TJPRED_INIT)  that  are  inte- 
grated and  then~used  in  the  closed-form  solution  of  a two- 
body,  unperturbed  orbital  problem  using  an  F and  G series. 

The  fourth-order  Runge-Kutta-Gill  integration  technique  shall 
be  invoked  in  conjunction  with  the  Pines  equation-of-motion 
formulation  for  each  predictor  step  (as  discussed  in  section 
4.3.1)  until  the  prediction  interval  has  been  covered  as 
follows  (i.e.  until  T CUR  = TIME  DEL): 


:1 

j 


i 


! 

I DO  UNTIL 

! I T_CUR  - TIMMJELI 
! 

- Check,  on  each  step,  to  determine  if  the  absolute  value  of 
the  prediction  step  is  greater  than  the  absolute  value  of 
of  the  prediction  interval  remaining: 
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If, 


I JOTJSTBP  j > JTIHEJW.  - fj 


\ 


then:  DUSTS’*  « TIMS_DEL  - TJM 

The  Rungo-Kutta-aill  integrator  shell  then  he  invoked, 
with  the  input  or  adjusted  value  of  DTJiTBPi 

CALL:  RKJHLL 


IN  LIST; 
OUT  LIST; 


XN,  OT  STEP,  T CUR,  QNOP,  OOP,  DMP, 
VHP,  ATMP,  T_PRED_INIT 

$N,  TJRJR 


The  output  vector  (XN) , are  the  adjusted  initial  conditions 
to  he  used  in  the  Pines  equations  of  motion  for  a precision 
prediction  oonio  solution. 

3.  After  the  oaloulations,  as  diotated  by  the  tes-ing  of  step  2,  have 
been  performed,  the  Pines  equations  of  motion  will  be  invoked  to 
solve  for  the  position  and  velooity  vectors  corresponding  to  T_PRSD 
FINAL; 


CALL:  PINES JffiTHOD 

IN  LIST:  XN,  T_CUR,  CHOP,  CHOP,  DMP,  VHP,  ATMP,  T_PRED_INIT 

OUT  LIST:  DSRIV,  X 

4.  Upon  being  oalculated  (whether  by  a preoise  technique  or  a single 
step  two-body  solution),  the  final  position  and  velooity  are  renamed 
for  output: 


R _PRED_FINAL  a Xj  t0  3 
V _PRED_FINAL  « Xq  t0  $ 

B.  Interface  Requirements.-  Input  and  output  requirements  are  contained  in 
table  *1.3-2. 

C.  Processing  Requirements.-  This  principal  funotion  requires  user-supplied 
values  of  gravity  (CHOP  and  QMDP) , drag  (DMP),  venting  and  unooupled 
thrusting  (VMP),  and  vehiole-attitude  (ATHP)  mode  flags,  in  oonjunotlon  with 
the  initial  state  and  time  (R  _PRED_INIT,  V JMUSD.  INrr,  T_PRED_INIT)  and  the 
final  time  (T_PRED_FINAL).  Appropriate  aaoeleration  models  may  be  found  in 
seotion  A.g.uTl.l.”  When  using  this  function  for  Orbiter  or  target  vehiole 
state  prediction,  the  venting  and  unooupled  thrusting  flag  (VHP)  shall  be  set 
to  aero.  Additionally,  if  drag  modeling  is  desired  for  Orbiter  or  target 
state  prediction,  the  drag  mode  flag  (DMP)  should  be  set  to  one  and  the 
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attitude  mode  flag  (ATMP)  aet  equal  to  one  for  the  Orb iter  or  equal  to  two 
for  the  target.  For  prediction  of  the  Orbiter' a state , an  Orbiter  referenoe 
area  (PRED_6rB_AHEA) , an  Orbiter  drag  coefficient  (PRED_ORB_CD),  and  an 
Orbiter  mass  (PRED_ORB_MASS)  are  also  to  be  supplied.  The  Onorbit  PWtoisior. 
State  Prediction  prinoipal  funotion  is  called  by  the  following  modules  in 
the  Onorbit/Rendezvous  Navigation  Sequencer  prinoipal  funotion:  £ 

OPS  2 OR  8 INITZALIZB 
STAT  E~VBCTOR JP  RE  DOt  CT_T  ASK 

and  by  the  following  module  in  the  Onorbit/Rendezvous  Navigation  principal 
funotion: 

STATE_  VECTOR_P  HEDI CT_TASK 

In  addition  it  nay  be  oalled  by  other  users  outside  of  navigation. 

Constraints.-  Vent  thrust  is  not  to  be  modeled  in  prediction.  Hence,  the 
vent  thrust  flag  (VMP)  is  to  be  set  to  zero.  Atmospheric  drag  is  to  be 
modeled  with  oonstant  coefficients.  Hence,  whenever  drag  is  to  be  modeled 
in  a prediction,  the  vehicle  attitude  flag  (ATMP)  is  not  to  be  set  to  zero 
(see  section  4,2.4. 1.1). 

Since  the  same  compool  locations  are  used  by  all  users  of  this  prinoipal 
funotion  for  setup  and  output,  it  is  required  that  these  parameters  be 
protected  from  alteration  by  other  users  during  exeoution  of  this  principal 
function.  Variables  to  be  protected  are  listed  as  follows:  CHOP,  GMDP, 

BMP,  VMP,  ATMP,  PRED  STEP,  R PREO  IN IT,  V PRED  INIT,  T PRED  INIT,  R PRED 
FINAL,  V _PRED  FINAlT  T PRED  FINALT  PRED  ORB  AREA,  PRED  ORB  CD,  PRED~ ORB 
MASS.  ~ ~ ~ ~ 

Supplementary  Information.-  The  Onorbit  Precision  State  Prediction  prinoipal 
function  shall  be  used  for  both  precision  and  rapid  state  prediction.  Rapid 
state  prediction  consists  of  a less  acourate,  single-step  two-body  F and  Q 
series  solution  involving  no  numerical  integration.  Table  4.3-3  lists  sev- 
eral examples  of  input  variable  list  combinations  for  the  various  types  of 
prediction  performed.  A suggested  implementation  of  this  principal  funotion 
may  be  found  In  Appendix  C under  the  following: 

ONORBIT  PREDICT 
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TABUS  11.3-1.-  ONORBIT  PRECISION  STATE  PREDICTION  PRINCIPAL 
FUNCTION  INPUT /OUTPUT.-  Continued 


I 


I 


! 


Variable 


I 

I ! 

IPrinoipal  Function!  Looal  (Principal  Function! 
I Source  (Destination!  Destination 

! 1 I ______ 


Looal 

Souroe 


PRED  ORB 
MASS*" 


PRED  STEP 


R PRED 
FINAL 


R PRED  I NIT 


SQR_EMU 
T PRED  FINAL 


! I 
(Onorbit/Rendezvous ! 
!Nav,  Onorblt  ! 
! Guidance,  Onorbit/l 
(Rendezvous  Nav  ! 
(Sec,  ORB  MNVR  DIP  ! 
! ! 
(Onorblt/Rendezvous ! 
(Nav,  unorbit  ! 
(Guidance,  Onorbit/! 
(Rendezvous  Nav  ! 
(Seq,  ORB  MNVR  DIP  ( 
I ! 
! ! 
1 ! 
! t 
! ( 
( ! 
i I 
( I 
i ( 
(Onorbit/Rendezvous I 
(Nav,  Onorbit  I 
(Guidance,  Onorbit/! 
(Rendezvous  Nav  ( 
(Seq,  ORB  MNVR  DIP  ( 
( ( 
(Onorbit/Rendezvous i 
(Nav  Seq  ! 
t ( 
(Onorbit/Rendezvous I 
(Nav,  Onorbit  I 
(Guidance,  Onorbit/l 
(Rendezvous  Nav  ( 
(Sea,  ORB  MNVR  DIP  I 
I ! 
! t 
( ( 
I I 
( I 


ACCEL 

ONORBIT 


ONORBIT 

PREDICT" 


ONORBIT 

PREDICT" 


PINES 

METHOD 

ONORBIT 

PREDICT" 


( iLH 

t 
I 
I 

! Onorbit/ 

I Rendezvous  Nav, 

( Onorbit  Guidance,! 
! Onorbit/ 

( Rendezvous  Nav 
! Seq,  TLM,  ORB 
! MNVR  DIP 
i 

( TLM 
! 

! 

! 

I 
I 
I 
! 

t TLM 
I 
I 
I 
! 

I 
I 
! 

! 

! 


ONORBIT 

PREDICT" 


NONE 


NONE 


0 


TABLE  4.3-1.-  ONORBIT  PRECISION  STATE  PREDICTION  PRINCIPAL 
FUNCTION  INPUT /OUTPUT.-  Concluded 


Variable  {Principal  Function!  Looal  (Prinoipal  Funotion! 
Naae  t Sou roe  IDestination!  Destination  ! 


T PRED  I NIT 


V PRED 
FINAL 


(Onorbit/Rendezvous ! 
(Nav,  Onorbit  i 
(Guidance,  Onorbit/ I 
(Rendezvous  Nav  ! 
ISeq,  ORB  MNVR  DIP  ! 
I I 
lOnorbi t/Rendezvoua ! 
(Nav,  Onorbit  I 
IQuidanoe,  Onorbit/! 
(Rendezvous  Nav  ! 
ISeq,  ORB  MNVR  DIP  ! 


PINES 
METHOD, 
RK  GILL 


PINES 
METHOD, 
RK  GILL 


! TLM 


_PRED_INIT  JOnorb i t /Rendezvous I 
!Nav,  Onorbit  ! 

(Guidance,  Onorbit/! 
(Rendezvous  Nav  ! 

ISeq,  ORB  MNVR  DIP  ! 


ONORBIT 

PREDICT 


lOnorbit/Rendezvous 
!Nav,  Onorbit 
IQuidanoe,  Onorbit/ 
(Rendezvous  Nav 
ISeq,  TLM,  ORB  MVR 
(DIP 
I 

(TLM 

I 


ONORBIT 

PREDICT 
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TABLE  4.3-2.-  ONORBIT  PffiDICT  INPUT/OUTPUT 


U 


Variable  Name 


I ATMP 
! 

! DBRIV 
t 

! BMP 
I 

! DT_MAX 
! 

! DTJSTEP 

1 

! GMDP 
! 

! GMOP 
! 

I PREDJSTEP 
! 

! PRED  TIME  TOL 
! 

» R _PRED  PINAL 
I “ 

i R PREP  I NIT 
I 

I T CUR 
1 

! T PRED  PINAL 
! 

! T PRED_INIT 
I 

! VM* 

I 

I V _PRED_FINAL 
I 

! V PRED_INIT 
! 

! X 
I 

I XN 
! 


Input  Source 


PINES  METHOD 


RK  GILL 


PINES  METHOD 


RK  GILL 


Output  Destination 


PINES_METHOD ,RK_GILL 


P INES_METHOD , RK_GILL 


RK  GILL 


PINES_METHOD fRK_GILL 
PINES JMETHOD  .RKJ3ILL 


PINES_METHOD ,RK_GILL 


PINESJMETHOD  ,RK_GILL 
PINES_METHOD , RKjGILL 


PINES_METHOD ,RK_GILL 


u 


{ ) 


P.F,  I/O  for  onorbit  precision  state  prediction 
|see  section  4.3 

Initialization  parameters,  see  section  4.7 


principal  function, 
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1ABLB  4.3-3.-  PREDICTOR  SUGOE3TBD  R.H  SETTinGS 


Vehicle 

Qrbiter 


Or  biter 
Orblter 
Target 


Target 

Target 


Prediction 

type 


Precision 


Rapid  precisian 
Rapid  tuo-boay 
Precision 


Rapid  precision 
Rapid  taro-body 


OOP* 


CHOP* 


IMP 


VHP 


KM 


PREP  STEP 


User  selects 


Deer  selects 
0 

User  selects 


Oser  selects 
0 


Coaaents 


Fvli  tourth  degree  potential  aodel.  Dreg  with  constant  dreg 
coefficient,  iraa. 


a ahly  potential  model  with  constant  drag  coefficient,  area. 
Single-step  two-body  F and  Q series  solution. 


Full  fourth  degree  potential  aodel  drag  with  constant  area,  dreg 
coefficient. 


J2  only  potential  aodel  with  constant  drag  coefficient,  area. 


Single-step  two-body  F and  0 series  solution. 


When  prediction  is  being  performed  for  both  sehloles  (Orblter  and  target)  over  a similar  trajectory,  the  saaa  degree  and  order  potential  aodel  should 
be  used  for  each  prediction  so  that  potential  aodel  errors  will  be  avoided. 
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4.3.1  Integration  of  the  Equations  of  Motion  (RK.QILL) 

A fourth-order  Runge-Kutta-Glll  Integration  technique  la  used  for  prediction  of 
the  Orbiter  and  target  state  vectors.  The  technique  is  aotually  a fourth-order 
Runge-Kutta  numerical  integration  technique,  modified  with  (Jill's  coefficients, 
used  in  oonjunotion  with  S.  Pines'  formulation  for  the  equations  of  motion  (see 
section  4.3.2). 


A.  Detailed  Requirements.-  The  Runge-Kutta-Gill  (RKJJILL)  Integration  sub- 
function will  be  aotivated  eaoh  time  a oall  statement  of  the  following  form 
is  encountered: 

CALL:  RKJJILL 

IN  LIST:  XN.DTJSTEP,  T_CUF ,GMO,GMD,DM,VM,ATM,T_IN 

OUT  LIST:  XN.TJJUR 

where: 


XN  * an  array  containing  the  seven  variables  of  integration 
Ti.e.,  integrated  initial  conditions) 

DT_STEP  s the  integration  step  size 

T_CUR  s the  RKJJILL  step  size  subinterval  time  (i.e.,  there  are 
four  cycles  of  RKJJILL  per  integration  step  size) 

GMO  = the  Earth  gravitational  potential  model  order 

GMD  s the  Earth  gravitational  potential  model  degree 

DM  & the  drag  acceleration  model  flag 

VM  & the  vent  and  uncoupled  thrust  acceleration  model  flag 

ATM  = the  vehicle  attitude  mode  flag 

T IN  = the  initial  state  time 


The  computations  initiated  by  call  to  the  Runge-Kutta-Gill 
subfunction  will  be  the  following  and  in  the  order  indicated. 


1.  The  initial  time  of  the  current  integration  step,  T_CUR,  shall  be  saved 
in  T STOR. 


T STOR  = T CUR 


2.  Next  a counter,  J,  shall  be  tested  to  ensure  that  four  evaluations  of 
Runge-Kutta-Gill  are  determined. 


I 

I DO  FOR 
! J s 1 
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a.  If  the  evaluation  cyole  la  4 or  less , a new  value  of  TJSIR  (the  inte- 
gration step  time)  shall  be  determined  aa: 

T_CUR  > T_STOR  + AAi  BBj  DTJSTEP 

b.  Next  the  Pines  method  will  be  oalled  to  caloulate  derivatives 
(DERIV),  of  the  initial  conditions. 

CALL:  PINES  JMBTHOD 

IN  LIST:  XN,T_CUR,GMO ,OMD  ,DM,VM,ATM,T__IN 

OUT  LIST:  DERIV  ,X 

The  call  arguments  are  as  previously  described,  and  details  of  the 
Pines  method  are  given  in  section  4.3*2. 

o.  The  Runge-Kutta-Gill  integration  continues  with  the  numerioal  inte- 
gration of  derivatives  of  the  Initial  conditions  (XN^)  in  the  follow- 
ing manner:  “ 


! XNL  * XNl  ♦ AAj  (P-BBj  QL) 
I Ql  « CCj  ? ♦ W>j  QL 


where: 


AA,  BB,  OC,  DD  s premission- loaded  arrays  (J  « 1 to  4) 
containing  coefficients  required  for  this  formulation  of 
the  Runge-Kutta-Gill  Integration  technique 

XN  t an  array  containing  the  seven  variables 
of  integration  (i.e.,  integrated  initial 
conditions) 

DERIV  r an  array  containing  the  total 

derivatives  of  the  initial  conditions 
at  the  current  time 

\ 

P = Integration  variable  used  in  Runge- 
Kutta-Gill  technique 

0^  * integration  variable  used  in  the 
Runge-Kutta-Gill  technique 

o 
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After  the  seven  variables  of  integration  have  been  obtained,  the 
RK  QILL  will  return  to  repeat  step  2,  and  oyole  through  until 
J is  greater  than  A. 

B.  Interfaoe  Requirements.-  Input  and  output  parameters  for  the  Runge-Kutta- 
Qill  integration  subfunotion  are  given  in  table  4.3. 1 . 

C.  Processing  Requirements.-  The  Runge-Kutta-Qill  subfunotion  is  called  by 

Onorbit  precision  state  prediction  (ONORBIT_PREDICT) 

D.  Constraints.-  Because  the  Runge-Kutta-Qill  subfunotion  is  used  by  precision 
prediction  subfunotions  which  may  be  executed  by  multiple  users  at  the  same 
time,  it  should  be  protected  against  Interruption. 

E.  Supplementary  Information . - A suggested  implementation  of  this  subfunotion 

in  the  fora  of  detailed  flow  diagrams  say  be  found  in  Appendix  C under  the 
following:  * 

RK  QILL 


* 
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TABUS  A. 3.1.-  RtC  GILL  INPUT/OUTPUT 


Inlist/Out  list 

_! 

1 

Internal 

1 External 

1 Ii'.put  Source 

I Output  Destination 

Name 

! Name 

t 

1 

ATM 

1 

1 ATMP 

I 

t ONORBIT  PREDICT 

I 

1 

DM 

1 DMP 

! ONORBIT~PREDICT 

1 

DT  STEP 

1 DT  STEP 

1 cnorbit“prbdict 

1 

GMD 

! OMDP 

1 ONORBIT” PREDICT 

1 

CMO 

1 OMOP 

1 ONORBIT~PREDICT 

I 

T CUR 

! T CUR 

1 ONORBIT~PREDICT 

! 

T~ IN 

1 T“ PRED  INIT 

i gnorbit”predict 

1 

VM 

1 VHP 

i onorbit”prbdict 

! 

XN 

1 XN 
• * 

i gnorbit“phbdict 
1 

! 

1 

T CUR 

1 

1 T CUR 

I 

I 

1 ONORBIT  PREDICT 

XN 

1 XN 
! “ 

1 

f 

! 

! 

I • 

1 

1 

I 

! 

1 

! 

• 

s 

1 ONORBIT” PREDICT 
1 
1 
! 

I 

I 

I 
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TABLE  4.3.1..  KJULL  INPUT/OUTPUT. 

- Concluded 

1 

1 

! 

1 Variable  Name  1 Input  Source 

t Output  Destination 

1 

1 

t 

1 

1 

1 

1 AA 

1 •• 

I 

I " 

1 

I 

! ATM 

1 

1 PINES  METHOD 

a 

4 

1 

I 

: bb 

1 M 

1 

1 

I 

1 

1 cc 

1 ee 

1 

1 

! 

1 

1 DD 

1 ea 

1 

1 

1 

1 

1 DM 

I 

1 PINES  METHOD 

! 

I 

I 

t DERIV 

1 PINES  METHOD 

1 

I 

! 

! QMD 

1 

! PINES  METHOD 

1 

1 

1 

1 0M0 

1 

1 PINES  METHOD 

1 

! 

1 

1 T CUR 

1 

1 PINES  METHOD 

1 

f 

1 

f T IN 

I 

! PINES  METHOD 

I 

1 

! 

1 VM 

I 

1 PINES  METHOD 

! 

1 

I 

I X 

1 PINES  METHOD 

! 

f 

» 

1 

1 XN 

1 

1 PINES  METHOD 

1 

i 

t 

! 

1 

I 

i 

1 

! 

i 

1 

f 

t 

I 

! 

! 

1 

1 

1 

1 

! 

! 

1 

• 

I 

1 

J 

I 

1 

i 

1 

1 

! 

1 

1 

1 

1 

t 

! 

I 

1 

1 

I 

••Initialization  parameters,  see  section  4.7 
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k.3.2  Squat Iona  of  notion  (PIMBS,MBTHOD) 

For  predicting  the  Orb iter  and  target  state  vectors,  the  equations  of  notion 
are  to  take  the  fora  of  a variation-of-parametera  method  devised  by  S.  Pines, 
where  parameters  to  be  varied  are  the  Cartesian  initial  conditions  of  the 
notion.  The  integration  schene  to  ta  used  in  connection  with  these  equations 
Is  the  0111  modification  of  the  Runge-Kutta  technique  (see  section  b.3.1). 

A.  Detailed  Requirements.-  The  Pines  equations  of  motion  subfunotion  will  be 
Invoked  whenever  a call  statement  of  the  following  fora  is  encountered: 

CALL:  PINBS_METHOD 

IN  LIST:  XN ,T_CUR ,0M0,GMD,DM,VM,ATM ,T_IN 

OUT  LIST:  DBRIV.X 


where: 


XN  * the  seven  variables  of  integration 

T_CUR  s the  initial  integration  time  of  the  current  step 

GMO  x Barth's  gravitational  potential  model  order 

GMD  * Barth's  gravitational  potential  model  degree 

DM  s drag  model  acceleration  computation  flag 

VM  3 vent  and  thrusting  acceleration  model  ring 

ATM  * attitude  mode  flag 

T_IN  e initial  time 

and: 

DERIV  s the  output  total  derivatives  of  Integration 

X s output  two  body  position  and  velocity  vectors 

of  conic 

The  P INES_METHOD  subfunction  will  cause  the  following  calculations  to 
be  made  in  the  order  given: 

1.  Several  terms  used  in  the  K and  G series  calculations  for  the  closed-form 
two-body  equations  are  computed. 


79FM10 

R_IN  s I XN!  fc0  3 I 

R_IN_INV  * 1./R_IN  P3 

SMA  a 1./(2.  R_IN_INV  - (XN4  to  6 * »R  to  6 VEARTHJflj)  P3 

Cl  = SQRT  (SMA)/SQR  EMU  P3 

F4 

DELTA!  * T_CUR  - XN? 

D_IN, » XNi  to  3 * XN4  to  6 
R_FIN_TEMP_ItW  = 0. 

2.  The  conic  solution  subfunction  (F_AND_G)  shall  then  be  invoked  to  calcu- 
late several  terns  used  in  computation  of  the  eonio  velooity  veotor  (X4 
to  g)  and  initial  condition  derivatives  and  compute  the  two-body  conic 
position  vector  (X^  ^3)  as  follows  (see  section  4.2.5.2.1). 

CALL:  F_AND_G 

IN  LIST:  SMA,  DELTAT,  Cl,  XNi  to  3,  R_IN_INV,  R FIN_TEMP  INV,  XNj, 

to  6>  D_IN,  D_FIN_TEMP 

OUT  LIST:  F,  G,  FDOT,  GDOT,  SO,  SI,  S2,  S3,  X)  to  3 

R_  FIN_INV,  THETA  ’ 

3.  The  two-body  velocity  -vector  shall  then  be  computed: 

X4  to  6 = FDOT  XNi  to  3 + 0)01  XN4  to  6 

4.  Perturbation  accelerations  shall  now  be  calculated  and  several  computa- 
tions shall  then  be  performed  to  compute  perturbation  derivatives  for  F 
and  G series  terms  used  in  calculating  total  derivatives  of  the  seven 
variables  of  integration. 

T_ACCEL  = T_IN  + T_CUR 

P = ACCEL_0N0RBIT  (GMD,  CMO,  DM,  VM,  ATM,  Xi  t0  3,  X4  to  6,  T_ ACCEL) 
P = P - G _CENTRAL 

D_TAU  = Xi  to  3 ’ £ 

D_AUX  = X4  to  6 * £ 

C2  = Cl2 

F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 

F4  This  equation  shall  be  protected  against  square  roots  of  a negative  number 
(Reference  3.6-4). 


( ) 
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SI  « Cl  31 
32  a C2  82 

C3  • 1./C2  F3'  1 

' 33  a sna  32  v v 

34  a 2.  33  DJIUX  i- 

04  a CP  DJttW 

C5  « C4  31 

35  a 32  DJTAU 

DD  « 31  C3  R_IN  (SNA  R_IN_INV-1.)  ♦ SO  D_IN 

S6  a 2.  32  C4  DD  ♦ 35 

R_IN_TAU  a 54  - <2  SI  D_AUX  DD  - SI  D_TAU 

R_IN_AUX  a R_IN_INV  RJN^TAU 

F_TAU  • (S3  C3  R_IN_AUX  - S4)  R_IN_INV 

0_TAU  a C5/R_FIN_INV  - 36  F3 

FDJTAU  * FOOT  (C4  - R_IN_AUX) 

QD_TAU  a - 34  R_FIN_INV 

5.  Finally,  the  total  derivatives  or  the  variables  or  Integration  are  to  be 
oomputed  as  follows: 

DBRIV,  t0  3 . GDJTAU  X,  to  3 - G_TAU  Xj,  to6  - 0 P 

DERIVu  to  6 ■ - FD_TAU  Xi  to  3 + P-TAU  X4  to  6 ♦ F P 

DERIV7  *36-3.  04  SNA  (Cl  THETA-SI)  - C5/R_FJKJ!NV  F3 

B»  Interfaoe  Requirements.-  Input  and  output  for  the  Pines  method  subfunotlon 
are  given  In  table  4.3.2' 

C.  Processing  Requirements.-  The  following  is  a list  of  subfunotions  and  prin- 
cipal functions  that  call  the  Pines  method. 

RK  OILL 

0N0RBIT_PREDICT 

F3  This  aquation  shall  be  protected  against  division  by  aero  (Reference  3*6-3). 
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D.  Constraints.-  The  ACCEL_ONORBIT  funotion  shall  not  be  Invoked  by  any  other 
software  module  during  the  computation  of  the  perturbation  aooeleration 
veotor,  P,  to  maintain  the  oorreot  value  of  the  central  foroe  term,  Q 
CENTRAL.” 

B.  Supplementary  Information.-  A suggested  implementation  of  the  Pines  method 
of  the  equations  of  motion  in  the  foro  of  detailed  flowcharts  may  be  found 
in  Appendix  C under  the  following:  , / 

PINES_METHOD  / 
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TABLE  *1.3.2.-  PINES  METHOD  INPUT/OOTPtJT 
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Inllst/Outlist 
Internal  i External 

Name  1 Name 

1 

“l 

I 

_ Input  Source 

1 

I ' 1 

1 Output  Destination 

1 * 

1 

i 

ATM 

1 ATM 

! 

RK  02LL 

11 

DM 

! DM 

! 

RK  GILL 

GND 

1 QMD 

! 

mfOILL 

i 

GMO 

1 GMO 

I 

RK  GILL 

T COR 

! T COR 

1 

rafGUL 

t ? 

T IN 

! T IN 

! 

RK~GILL 

VM 

! VM 

I 

RK  GILL 

xn 

1 XN 

I 

RK  GILL 

1 ' , / . ■ 

! 

I 

i 

1 

- | *■  i,*  ' 

ATM 

1 ATMP 

! 

GNORBIT  PREDICT 

DM 

2 DMP 

! 

ONORBIT-P  IffiDICT 

QMD 

! GMDP 

1 

ONORBIT  PREDICT 

GMO 

! GMOP 

! 

ONORBIT  PREDICT 

T COR 

! T COR 

! 

ONORBIT  PREDICT 

T IN 

! T PRED  IN IT 

! 

ONORBIT-pREDICT 

VM 

I V MP 

I 

ONORBIT  PREDICT 

! 

I XN 

1 

ONORBIT  PREDICT 

1 

1 

1 

! 

1 

! 

DBRIV 

1 DERIV 

! 

1 RK  GILL 

X 

! X 

! 

! RK  GILL 

1 

1 

1 

t 

i 

! 

DERIV 

! DERIV 

I 

1 ONORBIT  PREDICT 

X 

! X 

! 

! ONORBIT  PREDICT 

! 

! 

1 

! 

i 

1 

! 

I 

! 

1 

1 

1 

1 

1 

I 

I 

1 

! 

! 

1 

! 

! 

1 

! 

! 

I 

I 

! 

I 

1 

1 

i 

! 

! 

! 

1 

! 

1 

! 

I 

t 

I 

I 

1 

! 
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TABLE  4.3.2.-  PINES_MKTHOO  INPUT /OUTPUT.-  Continued 


u 


1 

Variable  Name 

T 

! Input  Source 

1 

1 Output  Destination 
I 

ATH 

1 

1 ACCEL  ONORBIT 

t 

I ACCEL JJNORBIT 

Cl 

1 

1 F AND  G 

DEL TAT 

1 F_AND_G 

DFIN_TEM> 

1 •• 

1 F AND  G 
1 “ ” 

D_IN 

! 

1 FjANDJB 

DM 

1 

1 

! ACCEL _ONORB IT 
| " "* 

EARTH_MU 

1 

* I w 

! 

! 

P 

1 

I F^ANDjQ 

I 

! 

FOOT 

1 

1 FJWDJB 

1 

1 

Q 

1 F_AND_G 

i 

i 

i 

Q _CENTRAL 

1 

! ACCEL.  JJNORBIT 

< 

i 

GDOT 

1 

1 F_AND_0 

! 

! 

1 

GMD 

1 

1 

1 ACCELJMORBIT 
| 

GMO 

1 

1 

1 

1 

1 ACCEL^OMORBIT 

i ““ 

R FIN_INV 

I 

t F AND  G 
! ~ 

i 

i 

r_fin_temp_inv 

! 

f 

1 F_AHDJG 
1 " 

R_IN„INV 

1 

! 

1 

I f_and_g 
1 “ “ 

SO 

1 F AND  G 

j ~ ~ 

! 

| 

SI 

1 F AND  G 
1 
k 
I 

i 

1 

I 

1 

••Initializations  parameters,  see  section  4.7 

( ) 


+0nly  the  value  of  ACCEL_0N0RBIT  Is  used 
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TABUS  4.3.2.-  PINES_METHOD  INPUT/OUTPUT.-  Concluded 

• ■'"  -V.  • 


1 Variable.  Name 

1 Input  Source 

• | ; ti  .. 

1 ..  - =-  ....  1 

! Output  Destination  1 

1 : .■■■:  . 1 

I • k ' • : -/ 

i t • : * ••  • e . f 

, - .v  ,1 

1 32 

v.  1 FJMDJB  „ 

; -:cr. 

• 1 

1 .. 

-iJi  ! ■ i /.  i,  ■*. 

*■%' 

1 S3 

! P AND  6 

1 

• 1 . v-  \.t.' 

I . • - v , 

. A 

! SHA 

I ^ • ><;■  , ' •'  is 

IF  AND  G • 

_ ; \ 1 

| .v-.,  .r. 

! SQRJ3MU 

! » ■ 

* 

. • • * 

! 

! 

i T ACCEL 

1 ACCEL  ONORBIT 

! THETA 

1 F AND  G 

! 

! 

1 VM 

! 

i 

! ACCEL— ONORBIT 
1 “ 

1 

! X1  to  3 

! F AND  G 
| “ “ 

! ACCBLjQNORBIT 

! 

| 

1 Xij  to  6 

! ACCEL  ONORBIT 

! 

l 

! 

! 

! XN 

1 

1 F AND  G 

1 

! 

! 

1 

1 

! 

! 

! 

! 

1 

! 

! 

! 

! 

1 

1 

1 

! 

! 

i 

! 

! 

! 

1 

! 

! 

I 

1 

I 

! 

1 

1 

I 

! 

! 

! 

1 

I 

! 

! 

! 

! 

1 

1 

! 

1 

! 

! 

! 

! 

I 

I 

! 

! 

! 

! 

1 

I 

! 

1 

! 

1 

! 

! 

1 

•Precision  State  Prediction  principal  function,  see  section  4.3 
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4.4  ONORB IT /RENDEZVOUS  USER  PARAMETER  PROCESSING  SEQUENCER  PRINCIPAL  FUNCTION 
( ONORB  IT_REND_UPP_SEQ ) 

This  prinoipal  function  will  provide  a capability  for  initialisation  and  oontrnl 
of  the  prinoipal  functions  and  subfunotions  associated  with  the  computations  of 
user  parameters  during  the  onorbit/randesvoua  operational  sequence.  This  seque- 
ncer will  provide  initialization  and  control  of  the  onorbit  user  parameter  state 
propagation  subfunction  and  those  user  parameter  processing  prinoipal  funotlons 
used  for  this  operational  sequence. 

Events  to  be  used  as  cues  by  the  sequencer  for  performing  the  required  initial- 
ization ami  sequencing  are  defined  in  the  Level  B GNAC  CPDS.  The  particular 
events  and  a summary  of  the  associated  user  parameter  actions  pertaining  to  this 
user  parameter  sequencer  are  given  in  table  4.4-1.  ■' 


A.  Detailed  Requirements.-  The  Onorbit/Rendezvous  User  Parameter  Processing 


Sequencer  will  be  initiated  upon  the  occurrence 
events: 

- Major  mode  transition  from  106  to  201 

- Major  mode  transition  from  301  to  201 

- Transition  from  OPS  2 to  OPS  8 

- Transition  from  OPS  00  to  Major  Mode  201 


of  any  of  the  following. 


- Transition  from  OPS  8 to  Major  Mode  201 


This  sequencer  shall  be  terminated  upon  the  transition  from  OPS  2 or  OPS  8 
to  OPS  3 or  OPS  00. 


The  following  paragraphs  specify  the  detailed  requirements  that  are  sum- 
marized in  table  4.4-1.  These  requirements  specify,  for  eaoh  of  the  event 
cues  to  be  utilized  by  the  sequencer,  the  actions  that  tho  sequencer  is  to 
Initiate. 


- EVENT_60A;  transition  from  OPS  8 to  ors  2 

- EVENT_60B;  transition  from  OPS  2 to  OPS  8 

a.  If  any  of  the  above  event  flags  has  been  set  to  "ON"  by  Moding, 
Sequencing,  and  Control  (MSC),  or  crew  input  and  deteofced  W0N"  by 


TtPMIO  '■./}:% 


this  sequencer , a check  'Shall  be  made  on  a flag  set  by  the  Onorbit/  , 
Rendezvous  Navigation  Sequencer:  ; / 


79FM10 

TABIE  <1.1..  ONORBIT /RENDEZVOUS  USER  PARAMETER  PROCESS INO  SEQUENCER  EVENTS 


Event  i Event 

No.  I Name/Desoription 


Aotion  Taken  by  Seqpenoer  in 
Response  to  Event 


60 


Transition  from 
OPS  1 to  OPS  2 


Initiate  oyolio  exeoution  of  onorbit  user 
parameter  state  propagation  and  onorbit 
user  parameter  oaloulations  at  a repetition 
rate  of  0.52  Hertz 


El 


Transition  from 
301  to  201 


Same  as  Event  60  aotion 


84 


Transition  from 
OPS  00  to  201 


Seme  as  Event  60  aotion 


60A 


Transition  from 
OPS  8 to  201 


Same  as  Event  60  aotion 


73 


Transition  from 
202  to  201 


Cancel  mid  reschedule  the  onorbit  user 
parameter  state  propagation  to  change  the 
cyclic  repetition  rate  of  onorbit  user 
parameter  state  propagation  to  repetition 
rate  of  0.52  Hertz. 


69 


Initiate  guidance 


60B 


Transition  from 
201  to  OPS  8 


Cancel  onorbit  user  parameter  state 
propagation.  Reschedule  oyolio  processing 
of  onorbit  user  parameter  state  propagation 
at  a repetition  rate  of  1.04  Hertz 

Same  as  Event  60  aotion 
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; 

\ 


I 


I 


\ 


i 


( 


i 


This  signal  (»0N)  indicates  that  the  neoesaary  initialisation  of  cer- 
tain state  parameters  has  been  accomplished  within  the  Onorblt/ 
Rendezvous  Navigation  Sequencer  (section  4.1)  and  that  the  onorbit/ 
rendezvous  user  parameter  state  propagation  and  onorbit  user  para- 
meter calculations  subfunotions  shall  oommenoe  at  a repetition  rate 
of  0.52  Herts. 

2.  Next,  a Check  shall  be  made  to  detect  a transition  from  Major  Mode  202 

to  201;  EVENT_73.  Based  upon  this  oue,  execution  of  the  onorbit  user  pa- 
rameter state" propagator  shall  be  cancelled  and  rescheduled  at  a rate  of 
0.52  Hertz. 

3.  A oheok  shall  now  be  made  on  the  RVENT_69  oue  (initiate  guidanoe). 

Based  upon  this  oue,  the  ourrent  scheduling  of  the  user  parameter  state 
propagator  is  to  be  oancelled.  Cyollo  execution  of  this  task  is  to  be 
rescheduled  at  a repetition  rate  of  1.04  Hertz  beginning  with  this 
event.  The  purpose  of  cancelling  and  rescheduling  the  onorbit  user  pa- 
rameter state  propagator  upon  the  initiate  guidanoe  signal  is  to  not 
only  change  the  execution  rate,  but  to  also  get  the  execution  of  this 
module  in  synchronization  with  the  execution  of  onorbit  guidanoe,  which 
is  to  be  initiated  at  this  time.  This  oanoelling  and  rescheduling  is  to 
be  done  "y"  seconds  prior  to  OMS  ignition,  suoh  that  a subsequent  user 
state  update  will  ooour,  as  nearly  as  possible,  at  the  time  of  Ignition. 

B.  Interface  Requirements.-  Input  and  output  requirements  for  this  prinoipal 
function  are  presented  in  table  4.4-2. 

C.  Processing  Requirements.-  None 

D.  Constraints.-  None 

B.  Supplemental  Information .-  A suggested  implementation  of  the  onorbit/ 
rendezvous  UPP  sequencer  in  the  form  of  detailed  flow  charts  is  shown  in 
Appendix  D under  0N0RBIT_REND  UPPJ3SQ. 
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TABLE  4.4-2.-  ONORBIT /RENDEZVOUS  USER  PARAMETER  PRO CESS INQ  SEQUENCER 
PRINCIPAL  FUNCTION  INPOT/OOTPOT 


I 

1 


Variable 

Name 


Principal  Funotionl  Local  1 Principal  Funotion 

Sou roe  tDeatinationt  Destination 


EVENT JSO 

EVBNTjSOA 

BVENT_E1 


IMSC 

| 

I 

IMSC 

! 

IMSC 


EVENTjSOB 
BVENT_69 
EVENT_73 
EVENT  84 


IMSC 

IMSC 

MSC 

MSC 


J 

I 

i ONORBIT 
! REND  UPP 
I SEQ  ” 

! 

! ONORBIT 
1 REND  UPP 
! SEQ  “ 

I 

! ONORBIT 
! REND  UPP 
! SEQ  “ 

I 

t 

I 

I ONORBIT 
t REND  UPP 
! SEQ  ~ 

! 

! ONORBIT 
! REND  UPP 
f SEQ  “ 


TLM 

TLM 

TLM 

TLM 

TLM 


I 

I ONORBIT 
f REND  UPP 
i SEQ  " 


TLM 


! 

I ONORBIT 
i REND  UPP 
I SEQ  “ 

I 


TLM 


OPS  2_0R  8 
INITIALIZE 
COMPLETE 


lOnorbit/Rendezvous ! ONORBIT 
INav  Seq  I REND  UPP 
I ! SEQ  " 


Local 

Source 


) 


) 


t 
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1.5  USSR  PARAM5TBR  PROCESSING  PRINCIPAL  PUNCTION 

This  principal  funotion  shall  serve  as  the  lnterfaoe  between  navigation  and 
users  of  navigation-related  data  during  the  onorbit  operational  sequenoe.  This 
funotion  shall  maintain  the  vehiole  state  within  the  user  paraneter  state  propa- 
gation sub function  and  shall: 

- Provide  this  state  to  users  who  require  vehiole  state  parameters  in  M50 
coordinates  (see  User  Parameter  State  Propagation,  section  4.5.1  and 
Onorbit  User  Parameter  Calculations,  seotion  4.5.2). 

- Provide  the  software  to  transform  this  state  for  users  who  require  nav 
state-related  parameters  (see  User  Parameter  Calculations,  seotion 
4.5.2). 

Interface  parameters  between  this  principal  funotion  and  other  ON&C  prinolpal 
functions  are  presented  in  table  4.5. 


I 
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TABLE  4.5.-  USER  PARAMETER  PROCESS WO  PRINCIPAL  FUNCTION  INPUT /OUTPUT 


Variable 


A SENSED 


DEL  R TARO 


DEL  V 1*40 


DOING  REND 
NAV 


PILT  UPDATE 


IPrinolpal  Funotien!  Local 
I Source  I Destination 

I I 


(ONORBIT  Ran)  NAV 

(SEQUENCER 

I 


(Onorbit/Rendezvous I 
(Nav,  Onorblt/  I 
(Rendezvous  Nav  Seql 


I MU  NAV 
ACC&.  THRESH 


PHRD  FLT  NAV 


IIMU  ALIGN  DISPLAY  I 


(REL  NAV  DISPLAY,  I 
IPCS/DED  DISP  r/o  ( 
(DISPLAY,  Onorblt  ( 
(Rendezvous  Naviga-I 
I tlon  Sequencer  I 


ONORBIT 

REND  USER 

PARAM. 

STATE- 

PROP,” 

ONORBIT 

USER  ~ 

PARAMETER 

CALCULA-  ” 

TIONS 

ONORBIT 
REND  USER 
PARAM 
state"prop 

ONORBIT 
REND  USER 
PARAM. 
STATE.PROP 

ONORBIT 

REND 

USER" 

PARAM 

STATE" PROP 


Prinolpal  Function 
Destination 


Universal 
Pointing,  TLM 


Universal 
Pointing,  TLM 


Local 

Souroe 


ONORBIT  REND 
USER  PARAM 
STATE~PROP  ~ 

ONORBIT 
USSR  " 
PARAMETER 
CALCULATIONS 

ONORBIT  ' 
USER  " 
PARAMETER 
CALCULATIONS 
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INPUT /OUTPUT .-  Continued 
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l 


( 


I 


! 

t 


I 


j 

f | 


1 

f 

r 


Variable 

Name 


I I 

I I 

Principal  Funotlonl  Looal  IPrinoipal  Funotlon 
Source  (Destination!  Destination 


Looal 

Source 


R AVQQ 


R EF 


J 

I 

! Onorblt  Guidance 
I Star tracker  SOP, 

I RBL  NAV  SPEC 
I FUNC,  Rendezous 
! Targeting, ATT 
! PROC,  Orbit 
I Maneuver  DIP,TLM 
I 

! GNAC/SM-PL 
I 
I 
I 
( 


, ! ONORBIT 
I REND  USER 
I PARAM  STATE 
I PROP  ~ 


ONORBIT 
USER  " 
PARAMETER 
CALCULATIONS 


R RESET 


R TARGET 


R TV  RESET 


T XMU 


T IMUS  GA 


Onorbit/Rendezvous ! 
Nav,  Onorblt/  ! 
Rendezvous  Nav  Seq! 

I 

[ ! 

Onorbit/Rendezvous I 
Nav,  Onorblt/  ! 
Rendezvous  Nav  Seq! 

I MU  I NT  PROC  ! 


ONORBIT  ! 

REND  USER  ! 

PARAM  ~\ 

STATE- PROP ! 

! 

I star  Tracker  SOP, 
! Rend  Target,  REL 
! NAV  SPEC  FUNC, 

! TLM 
! 

ONORBIT  ! 

REND  USER  ! 

PARAM  — ! 

STATE- PROP  l 
! 

! TLM 
I 
! 

! 

! 

IMU  DATA  ! 

SNAP  ! 

! 

! 

! 

! 


ONORBIT 
REND  USER 
PARAM  STATE 
PROP  " 


ONOR.--T_ 
REND  USER 
PAW  STATE 
PRO. 


< 


* 
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TABLE  4.5.-  USER  PARAMETER  PROCESSING  PRINCIPAL  FUNCTION 
INPUT /OUTPUT.-  Continued 


Variable 

Name 


(Principal  Function 
Source 


Local 

(Destination 


Principal  Punotion 
Destination 


Local 

Source 


T RESET 


iOnorbit/Rendezvoub 
INav,  Onorbit/ 

4 Rendezvous  Nav  Seo 


ONORBIT 
REND  USER 
PARAM 
STATE- PROP 


T SEC  CMT 


T STATE 


GN&C/SM-PL 


ONORBIT  JDSER 

_PARAMETER 

CALCULATIONS 


Rendezvous 
Targeting, 
Onorbit  Guidance, 
Orbit  Maneuver 


ONORBIT 
PARAM  STATE 
PROP 


DIP,  TLM 


UPP_USE_IMO 

DATA 


TLM 


ONORBIT  REND 
USER  PARAM_ 
STATB~PRQP 


V AVGG 


Attitude  Proc, 
Orbit  Maneuver 
DIP, TLM, Star 
Tracker  SOP,REL 
NAV  SPEC  FUNC, 
Rendezvous 
Targeting, 
Onorbit  Guidance 


ONORBIT_REND 
USER  PARAM_ 
STATE  PROP 


V DflJ_CUR 
RENT 


IMU  RM 


I MB  DATA 
SNAP 


V IMU  OLD 


Onorbit  Guidance 


ONORBIT 

RENDJJSER 

PARAM_STATE 

PROP 
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TABLE  4.5.-  USER  PARAMETER  PROCESSING  PRINCIPAL  FUNCTION 
INPUT/OUTPUT.-  Concluded 


i r 

f 

1 

t i 

( 

• ■ ■■■  < - 

! 1 

Variable 

(Prinolpal  Funotlonl 

Local  (Principal  Function!  Local  ' 1 

Nane 

! Source  (Destination! 

Destination 

( Source 

( t 

( 

! 1 

( 

V 

IMU  RESET 

lOnorbit/Rendezvous 1 

ONORBIT  ( 

(Nav,  Onorbit/  1 

REND  USR  t 

( 

(Rendezvous  Nav  Seql  PARAM  ( 

( ( STATS  PROP! 

( ( 

( 

V 

RESET 

lOnorbit/Rendezvous ( 

ONORBIT  ( 

(Nav.  Onorbit/  1 

REND  USER  ( 

(Rendezvous  Nav  Seql  PARAM  ( 

( 

I ( STATE  PROP! 

( 

! ( 

( 

! 

V 

RHO  EF 

( ( 

( 

GN&C/SM-PL 

I ONORBIT 

! ( 

( 

( USER 

1 1 

i 

1 PARAMETER 

( ! 

( 

! CALCULATIONS 

( ( 

( 

1 

V 

TARGET 

1 ( 

1 

Rendezvous 

! ONORBIT 

- 

1 ( 

1 

Targeting,  REL 

! REND  USER 

1 ( 

( 

NAV  SPEC  FUNC, 

1 PARAM  STATE 

1 1 

I 

TLM 

! PROP 

i 1 

! 

! 

V 

TV  RESET 

lOnorbit/Rendezvous ! 

ONORBIT  ( 

1 

INav,  Onorbit/  ! 

REND  USER  1 

! 

(Rendezvous  Nav  Seq! 

PARAM  ( 

! 

1 ( 

STATE  PROP! 

I 

( ! 

! 

! 

V 

IMU  SNAP 

1 1 

( 

TLM 

1 ONORBIT  REND 

! 

I USER  PARAM 

i ( 

( 

1 STATE  PROP 

1 ( 

1 ! 

I 

! 

1 

( 

( 

! 

( 1 

I 

! 

1 1 

1 

~ 

! 

1 1 

! 

1 

i 1 

! 

( 

t ! 

! 

I 

! 

( 

( 1 

( 

( 

I ! 

! 

! 
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4.5.1  Uaar  Parameter  State  Propagation  (ONORBnj^^OSSRJARAM-STATE-PROP) 

The  onorbit  and  rendezvous  navigation  state  propagation  subfunotlons  advance  the 
navigation  state  veotor  at  relatively  large  intervals!  at  the  end  of  which  exter- 
nal measurement  data  processed  by  the  filter  are  incorporated  when  appropriate. 
Users , suoh  as  guidance  and  displays*  require  a knowledge  of  the  state  vector  at 
shorter  Intervals.  The  onorbit  awl  rendezvous  user  parameter  state  propagation 
subfunotion  will  satisfy  the  requirements  of  suoh  users  by  Integrating  the  equa- 
tions of  motion  within  the  Intervals  of  the  navigation  propagation  with  use  of 
a simplified  computation  of  the  gravitational  acceleration  in  conjunction  with 
a small  step  size. 

u . \ 

The  integration  of  the  Orbiter  and  target  state  vectors  is  to  be  performed  by  an 
average-g  process*  using  a modeled  acceleration  that  oon tains  a simplified  Barth 
gravitational  force  model.  Zn  the  oase  of  the  Orbiter*  if  the  acceleration 
derived  in  the  UPP  state  propagator  from  the  I MU  sensed  velocities  is  above  a 
certain  threshold  level*  this  acceleration  is  to  be  used  in  the  integration  pro- 
cess. If  the  sensed  aooeleration  falls  below  the  threshold  level*  only  the 
modeled  aooeleration  is  to  be  utilised  in  the  integration. 

In  the  rendezvous  phases  it  is  also  necessary  to  propagate  the  target  vehiole 
state.  There  being  no  IMU's  in  this  vehicle*  only  the  modeled  aooeleration  is 
to  be  used  in  the  integration. 

This  process  will  be  restarted  after  each  filter  update  with  the  filter  states. 
The  values  of  the  filter  updated  position  and  velocity  vectors*  together  with 
their  time  tag  and  the  total  accumulated  I MU  velocity,  are  stored  (at  each  navi- 
gation cycle)  in  special  locations  for  use  by  the  user  parameter  state  propaga- 
tion subfunction.  This  prevents  the  errors  resulting  from  use  of  a less  accu- 
rate integrating  scheme  frcen  becoming  too  large  and,  at  the  same  time,  provides 
a synchronization  between  the  propagation  tasks. 

A.  Detailed  Requirements.-  A capability  shall  be  provided  for  a fast  computa- 
tion of  the  position  and  velocity  of  the  Orbiter  during  all  phases  of  OPS  2 
and  OPS  8,  and  of  the  position  and  velooity  of  the  target  vehicle  during  all 
rendezvous  phases  OPS  2.  This  computation  shall  provide  the  required  state 
vectors  in  an  M50  coordinate  system  by  the  integration  of  the  equations  of 
motion  that  include  gravity  accelerations  and,  for  the  Orbiter,  the  I MU 
sensed  velocities,  if  they  give  a significant  contribution. 

The  following  steps  shall  be  performed  (in  the  order  indicated): 

1.  Snap  the  IMU  accumulated  sensed  velooity  and  time  tag: 

SNAP(V  _IMU_SMAP  ,T_IMU) 

(see  section  4.2.2. 1) 
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In  the  oase  of  the  Orbiter,  the  value  of  the  state  that  is  to  be 
advanoed  (integrated  forward  in  time)  may  be  from  one  of  two  sources 
(the  one  used  depends  on  the  tested  value  of  the  flag  (FILTJJPDATE) , 
whioh  indicates  the  availability  of  a filter  updated  atate)7 


G 


If  an  update  from  the  filter  is  available  (FILTJJPDATE  a OH) , the 
navigation  filter  updated  state,  together  with  its  time  tag  and 
assooiated  I MU  aooumulated  sensed  velooity,  is  to  replaoe  the  previ- 
ous propagated  state,  time  tag,  and  aooumulated  velooity.  The  fil- 
ter updated  values  are  R _RESET,  V _RESET,  T_RESET  and  V IMU_ 

RESET;  the  vectors  maintained  by  the  user  parameter  stats'- propagator 
are  R _AVGG  and  V _AVQQ.  The  time  tag  is  TJ3TATB.  Thus,  if  FILT_ 
UPDATE’"*  OH,  the  following  will  be  done:  ~ ~ 


R AVGG  « R RESET 


V AVGQ  = V RESET 


V IMU  OLD  r V IMU  rtf  SFT 


T STATE 


« T RESET 


b.  If  an  update  from  the  filter  is  not  available  (FILTJJPDATE  * OFF), 
the  propagated  state,  saved  frcm  the  previous  oyoleT  is  to  be 
advanced.  The  value  of  the  I MU -accumulated  sensed  velooity  saved 
frcm  the  previous  cyole  is  available  for  state  advancement  purposes. 


3.  Compute  the  interval  over  which  advancement  is  required: 


r 


DT  IMU  * T IMU  - T STATE 


o 


Interval  (DT  IMU). 


DA  THRESHOLD  IMU  * IMU  NAV  ACCEL  THRESH 


(GO  10-6)  / DT  IMU 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 
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(3)  Test  the  magnitude  of  the  sensed  aooeleration  (|a  ^SENSED} ) for 
this  UPP  oyole  against  the  computed  IHI  threshold. 


1 

1 

I 


| A _ SENSED}  > DA_THRESHOLD_XMU 


If  |A  _SENSED|  > DA_THRESHOLD_IMD,  set  a flag  to  ON  for  telemetry 
UPP_OSE_IMJ_DATA  * ON 

Otherwise,  turn  the  telemetry  flag  OFF,  and  set  the  accelera- 
tion value  to  zero. 


UPP_USE_IMU_DATA  = OFF 
A _ SENSED  = 0. 

b.  If  the  PWRD_FLT_NAV  flag  is  OFF,  turn  the  telemetry  flag  to  OFF,  and 
set  the  acceleration  value  to  zero. 

UPP_USE_IMU_DATA  = OFF 

A ^SENSED  s 0. 

5.  The  position  and  velocity  vectors  of  the  Orbiter  shall  then  be  obtained 
by  a call  to  the  user  parameter  state  integrator  (see  section  4. 5. 1.1). 

CALL:  AVERAG£_G_INTEGRATOR 

IN  LIST:  R _AVGG,  V _AVGG,  DT_IMU,  A SENSED , T_STATE , T_IMU 

OUT  LIST:  R _AVGG,  V _AVGG 

The  calculations  performed  up  to  this  point  refer  to  the  Orbiter’ s 
state.  Propagation  of  the  target  state  is  required  only  during  the  ren- 
dezvous phases.  A flag  (DOING_REND_NAV) , which  has  the  value  ON  only 
during  these  phases,  shall  then  be  consulted  by  the  user  parameters 
state  propagator. 

6.  Test  the  DOING_REND_NAV  flag.  If  it  is  found  to  be  ON,  perform  the  fol- 
lowing steps: 

a.  Test  the  FILT_UPDATE  flag  to  determine  if  a target  state  is  avail- 
able from  NAV. 
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If  FILTJJPBAfR  » OK,  set 

RETARGET  * R JTMIRSBT 

V ..TARGET  • V _TV_RRSBT  .-■.?» 


where  R _TARGBT  and  V _TARGET  represent  the  position  and  velocity 
vectors  of  the  target  vehiole  advanced  by  the  user  parameter  state 
propagator,  and  R _TV_RESET  and  V _T7_RESET  represent  the  target 
state  vectors  from” the  navigation  filter. 

b.  Advance  the  target  state  by  a oall  to  the  integrator.  In  this  oall, 
the  vector  that  contains  the  sensed  aooeleration  shall  be  set  to 
zero. 

A _SENSED  * 0 

CALL : AVERAOS_G_INTEGRATOR 

IN  LIST:  R TARGET,  V TARGET,  DT  IHO,  A SENSED,  T 

SrlTE,  T_IMff  " 

OUT  LIST:  R _TARGET,  V _TARGBT 

(see  section  4.5. 1.1) 

After  the  state  vector  updates  have  been  completed,  the  following 
steps  are  to  be  executed: 

7.  Save  the  time  tag  output  for  use  in  the  next  cycle: 

T_STATE  * T-IMU 

8.  Save  the  latest  IKJ  accumulated  sensed  velooity: 

V _IMU_OLD  s V _IMJ_SNAP 

9.  Set  the  FILTJJPDATB  flag  to  OFF. 

This  completes  the  sequence  of  calculations  of  a user  parameter  state 
propagation  cycle. 

B.  Interface  Requirements.-  The  input  and  output  variables  are  listed  in  table 
4.5.1. 

C.  Processing,  Requirements.-  None 

D.  Constraints . - None 

E.  Supplementary  Information A suggested  implementation  in  the  fora  of  a 
detailed  flowchart  is  found  in  Appendix  D under  the  name  ONORBIT  REND  USER 
PARAM_STATE_P  ROP . 
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TABLE  4.5.1.-  ONORBIT  REND  USER  PARAM  STATE  PROP  INPUT /OOTPOT 


1 

! 

l~ 

1 Variable  Name 

1 

! Input  Souroe 

t Output  Destination 

I 

! DOING  REND  NAV 

, H 

I 

! FILT  UPDATE 

mm 

1 

1 R RESET 
1 

I R TV  RESET 
! 

! T I MU 

J t» 

! ** 

• 

J ** 

! 

1 

| 

1 »»,  AVERAGE  G 

! INTEGRATOR 

I 

! 

1 T RESET 
I 

! UPP  USE  IMU  DATA 
» 

1 V IMU  SNAP 
! “ 

t V IMU  RESET 
1 

! V RESET 
! 

! V TV  RESET 
I 

1 A SENSED 

i •• 

J 

! 

| H 

f »* 

• 

! ** 

1 

! 

I 

| H 

I 

! 

1 ** 
I 
1 
I 
1 

1 

! 

1 

1 »«,  AVERAGS  G 

! INTEGRATOR 
■ 

! 

1 

i DT  IMU 
I 

! R AVGG 

1 

! 

i AVE  RAGE_G_INTEGRATOR 

I 

1 AVERACE  G INTEGRATOR 
! 

1 

1 

! *»,  AVERAGE  G 
t INTEGRATOR .ONORBIT 
t USER  PARAMETER 
! CALCULATIONS 

! 

1 

1 

! 

I R TARGET 

I 

1 AVERAGE_G_  INTEGRATOR 

I 

1 *»,  AVERAGE_G_ 

I 
I 
I 
! 

I GO 

I 

l PWRD_FLT  NAV 
! 


INTEGRATOR , ONORBIT_ 
USER  PARAMETER 
CALCULATIONS 


HI 

H 


User  parameter  processing  principal  function,  see  section  4.5 
*#* Initialization  parameter,  see  section  4.7 
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TABLE  4.5.1.-  ONORBIT  REND  USER  PARAM_STATE  PROP 
INPUT, OUTPUT.-  Concluded 


o 


o 


Variable  Name 


T STATE 


V AVGG 


V XMU  OLD 


V TARGET 


Input  Source 


AVERAGE  G 
INTEGRATOR 


AVERAGE  G 
INTEGRATOR 


I Output  Destination 


1 AVERAGE  G_ 

? INTEGRATOR .ONORBIT 
1 USER  PARAMETER 
! CALCULATIONS  ” 

1 

! »«,  AVERAGE  G 
! INTEGRATOR .ONORBIT 
I USER  PARAMETER 
i CALCULATIONS 


! •*,  AVERAGE  G 
! INTEGRATOR .ONORBIT 
! USER  PARAMETER 
! CALCULATIONS 


User  parameter  processing  principal  function,  see  section  4.5 
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4.5. 1.1  Integration  ( AVERA(3S_G_INTB0RATGR ) 

The  integration  subfunction  is  oalled  by  the  user  parameter  state  propagation 
aubfunotion  to  propagate  the  Shuttle  and  target  state  veotors  to  ourrent  time. 

A.  Detailed  Requirements.-  This  subfunction  is  oalled  with  the  following  inter- 
nal variables  in  the  IN  LIST  and  OUT  LIST: 

/ IN  LIST:  R _AV,  V _AV,  DTI ME,  AC,  TJ3TATB,  T_IMU 

OUT  LIST:  R _AV,  V _AV 

where 

R _AV  | user  parameter  state  veetor 

V _AV  ) 

DTIME  interval  to  propagate  state  vector  over 

AC  acceleration  vector 

T_STATE  user  parameter  time  tag 

T_IMU  current  time 

The  following  steps  shall  be  performed  (in  the  order  indicated); 

1.  By  means  of  a call  to  the  acceleration  function,  compute  the  gravitat- 
ional acceleration  for  the  input  state  vector  and  corresponding  time 
tag  (see  section  4. 2. 4.1.1): 

GR  = ACCEL_ONORB IT  (GM  DEG_LOW,  CM  ORD  LOW.DFL  AVG,  VFLTV  PRED, 
ATFLjOV,  R _AV,  V _AV  ,*~T  JSTATE  ) 

2.  Advance  the  position  vector  by  the  average-g  method: 

R _AV  = R _AV  + DTI  ME  (v  _AV  + .5  DTI  M2  (AC  + GR) ) 

3.  Use  this  updated  position  vector  and  the  current  time  to  find  a new 
value  of  the  gravitational  acceleration  (see  section  4. 2. 4. 1.1): 

GR1  = ACCEL_ONORBIT  (GM  DEG  LOW,  GM  ORD_LOW,  DPL  AVO,  VFLTV_PRED, 
ATFLJOV,  R _AV,  V _AV,  T_IMU) 

4.  Advance  the  velocity  vector  by  the  average-g  method: 

V _AV  = V _AV  + DTI  ME  (AC  + .5  (OR  + GR1 ) } 

The  quantities  GM_DEO_LOW,  GM_0RD_L0W,  VFLTV_PRED,  DFL_AVG,  and  ATFL_OV 
are  pad-loaded  values  of  the  various  acceleration  constants,  designed  for 
high  usage  rates  (see  section  4.7  for  values). 


u 

O 

) 

■v  • ^ 
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The  Input  and  output  variables  are  listed  in  table 


C.  Processing  Requirements. - None 


D.  Constraints.-  None 


B.  Supplementary  Information.-  A suggested  Implementation  In  the  form  of  a 
detailed  flow  ohart  Is  found  In  Appendix  D under  the  name 

AVERA(3S_G_INTBGRAT0R . 
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TABLE  4.5. 1.1.- 


AVERAOE  0 INTEGRATOR  INPUT/OUTPUT 


1 

1 Inliat/Outlist 

! Internal  1 External 

1 Name  1 Name 

J 

_1 

1 Input  Souree 

t 

1 

1 

! Output  Destination 
1 

I 

! 

1 

I 

1 AC 

1 A SENSED 

1 ON  ORB  IT  REND  USER 

1 

! 

1 PARAM  STATE  PROP 

I 

1 

! 

1 

1 

i dh  he 

! DT  IMU 

1 ONORBIT  REND  USER 

! 

i 

I 

1 PARAM  STATE  PROP 

1 

i 

f 

l 

t 

1 R AV 

! R AVGQ 

t ONORBIT  REND  USER 

t 

! 

I 

1 PARAM  STATE  PROP 

I 

I 

I 

I 

1 

1 T I MU 

! T IMU 

! ONORBIT  REND  USER 

I 

! 

I ” 

f PARAM  STATE  PROP  “ 

1 

I 

1 

! 

1 

1 T STATE 

! T STATE 

! ONORBIT  REND  USER 

1 

I 

I 

t PARAM  STATE  PROP 

! 

1 

! 

! 

! 

1 V AV 

f V AVGG 

I ONORBIT  REND  USER 

! 

t 

1 

1 PARAM  STATE  PROP 

I 

! 

1 

1 

1 

1 AC 

! A SENSED 

! ONORBIT  REND  USER 

1 

1 

1 

1 PARAM  STATE  PROP 

f 

! 

f 

! 

1 

! DTI ME 

f DT  IMU 

1 ONORBIT  REND  USER 

i 

I 

! 

! PARAM  STATE  PROP 

1 

! 

! 

I 

1 

1 R AV 

1 R TARGET 

1 ONORBIT  REND  USER 

! 

i 

! 

1 PARAM  STATE  PROP 

! 

1 

1 

! 

1 

1 T IMU 

1 T IMU 

1 ONORBIT  REND  USER 

! 

! 

1 

! PARAM  STATE  PROP 

1 

! 

1 

1 

f 

f T STATE 

f T STATE 

! ONORBIT  REND  USER 

! 

1 

I 

! PARAM  STATE  PROP 

1 

1 

1 

1 

I V AV 

t V TARGET 

1 ONORBIT  REND  USER 

1 

! 

! 

! PARAM  STATE  PROP 

» 

I 

! 

! 

I 

! R AV 

1 R AVGG 

! 

( ONORBIT  REND  USER 

1 

! 

1 

! PARAM  STATE  PROP 

1 

! 

! 

I 

! 

1 

I 

1 

1 

I 

! 

1 

■£ 


\ 


A » 
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TABLE  4. 5. 1.1.-  AVERAGE  G INTEGRATOR  INPUT /OUTPUT.-  Continued 


G 


Inllst/Outlist 


Internal 

Name 

V AV 


R AV 


V AV 


External 

Naue 

V AVGO 


R TARGET 


V TARGET 


Input  Source 


Output  Deatlnatlon 


ON ORB  IT  REND  USER 

param_state_Frop  " 

ONORBIT  REND  USER 
P ARAM_STATE_P  HOP  " 

ONORBIT  REND  USSR 
PARAH  STATE  PROP  " 
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TABU?  9.5. 1.1.-  AVBRAGE_Q_ ZNTBORATOB  INPUT /OUTPUT-  Concluded 


Variable  Name 

1 

! Input  Source 

1 

J 

1 Output  Destination 
1 

ATFLJJV 

1 

1 H 

1 

! 

1 ACCBLJONORBIT 

DFL_ATO 

1 •• 
1 

1 ACCBL_ONORBIT 

QM_DBGJLON 

1 

1 M 
1 

I ACCBLJONORBIT 
■ "*  "" 

GMJORDJjOW 

1 

1 M 
I 

1 ACCBLJONORBIT 

I " 

VFLTV_PRBD 

I H 

1 

1 ACCBLJONORBIT 

t 

1 ACCBLJWORBIT 
1 

1 

• 

R _AV 

I 

I 

• 

1 ACCBLJONORBIT 

V _AV 

I 

1 

t 

1 ACCBLJONORBIT 

TJSTATB 

1 

1 

• 

! ACCBJ  jONORBIT 
• * 

T IMU 

I 

1 

! ACCEL  ONOKBIT 

t 

! 

1 

t 

! 

1 

1 

^Initialization  parameters,  see  section  9.7 
■Value  returned  from  the  function 
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4.5.2  Onorblt  User  Parameter  Calculations  ( ONOBBn,-QBBR.PARAMBTBR^ALCUlATIONS ) 

This  subfunoticn  oontains  software  to  ooapute  quantities  required  by  the 

GN&C/SM-PL  lnterfaoe  and  the  universal  pointing  prineipal  funotion.  These  oalou- 

lations  are  required  during  OPS  2. 

A.  Detailed  Requirements.  - The  following  steps  shall  be  performed  (in  the 
order  ind lasted): 

1.  If  the  rendezvous  nev  flag  is  set  on  ( DOI NG_REND_NAV  « ON),  the  delta  po- 
sition and  velocity  vectors  in  the  M50  system  are  computed.  These 
veotora  represent  position  and  velocity  vectors  from  the  Shuttle  to  the 
rendezvous  target . 

DEL_R_TARG  a R _TARGET  - R _AVOO 

DEL_V_TARG  ■ V _TARGET  - V _AVQQ 

2.  The  M50  to  Greenwich- true-of-date  transformation  matrix  is  computed  at 
the  time  of  the  state  vectors,  TjSTATE. 

M50_TO_EF  s EARTH_FIXED_TO_f60_COORD(T_STATE)T 

3.  The  Shuttle  state  vector  (R  _AVGG,  V _AVGG)  is  transformed  into  the 
Greenwich-true-of-date , and  the  Barth's  rotational  effects  are  added  to 
the  X and  Y components  to  yield  the  Earth-relative  velocity  vector. 

R _EF  * M50_T0_EF  R AVGG 

V s «>0_TO_EF  V _AVGG 

V_RH0_EF1  a V_EFi  ♦ EARTH_RATE  R_EF2 

V_RH0_EF2  * V_EF2  - EARTH_RATE  R_EF1 

V_RH0_E?3  8 v_ef3 

4.  The  Greenwich  mean  time  associated  with  the  position  and  velocity 
vectors  is  then  saved: 

TJSBCjGNT  8 T_STATB 

B.  Interface  Requirements.-  Input  and  output  parameters  for  this  subfunction 
are  shown  in  table  4.5.2. 

C.  Processing  Requirements.-  Processing  requirements  for  this  subfunction  are 
specified  in  the  ONORBIT_REND_UPP_SEQUENCER . 

D.  Constraints.-  None 
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B.  Supplemental  Information.-  A suggested  implementation  in  the  form  of  a 
detailed  flowohart  oan  be  found  in  Appendix  D under  the  name: 

ONORBIT  USER  PARAMETER  CALCULATIONS 


4-300 


laiiiiaMaaMaMMw 


79FM10 


TABLE  4.5.2.-  ONORB IT_USER_PARAM5TE RECALCULATIONS  INPUT /OUTPUT 


Variable  Name 


Input  Souroe 


Output  Destination 


EARTH  RATE 


R AVGG 


ONORBIT  REND  USER_PARAM 
STATE 


DOING_REND_NAV 


H« 


R TARGET 


ONORBIT  REND  USER  PARAM 
STATE  PROP  “l 


T STATE 


ONORBIT  REND  USER  PARAM 
STATE  PROP 


V AVGG 


ONOREIT  REND  USER  PARAM 
STATE  PROP 


V TARGET 


ONORBIT  REND  USER  PARAM_ 
STATE  PROP 


t 


EARTH_FIXED_TO_M50_COORD 


DEL_R_TARG 

! 

i 

i 

i 

HI 

DEL_V_TARG 

1 

! 

t 

• 

i 

■ 

•H 

T_SEC_GMT 

• 

t 

■ 

1 

i 

HI 

V _RHO_EF 

• 

1 

i 

• 

! 

i 

HI 

R _EF 

• 

i 

t 

i 

i 

i 

•«» 

Initialization  parameters,  see  section  4.7 
User  parameter  processing  principal  funotion,  see  section  4.5 
tValue  returned  from  the  function 
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4.6  LANDING  SITE  UPDATE  PRINCIPAL  FUNCTION  (LANDING  SITE  UPDATE  PRINCIPAL 
FUNCTION) 

This  funofcion  provides  the  capability  to  reconfigure  the  dynamio  parameters 
pertaining  to  the  runway  and  TACAN  sites*  which  are  to  carry  over  into  OPS  3 for 
use  during  the  deorbit  through  landing  operational  sequenoe.  This  seotion  de- 
scribes the  software  processing  for  data  transfer  from  maxi  to  mini  tables  for 
runway  and  TACAN  parameters.  Output  from  this  funotion  is  via  the  OPS  2 data 
list.  The  requirements  of  this  function  are  to  give  the  orew  specific  oontrol 
via  keyboard  input  to: 

- Effect  a maxi  to  mini  table  transfer  of  runway  data  (including  MSBLS 
where  available)  and  the  TACAN* s appropriate  for  the  primary  runway 
selection. 

- View  the  current  (latest)  choioe  of  runway  Identifying  parameters  on  the 
orbit  OPS  display. 

- Provide  the  current  mini  table  data  at  the  end  of  OPS  2 to  be  available 
for  use  in  OPS  3-  If  this  function  is  not  exeouted  in  OPS  2,  the  I- 
Loaded  mini  tables  oontain  default  values  appropriate  for  nominal  end  of 
mission  use  in  OPS  3. 

The  guidance  targeting  uplink  OPS  formats  (PEG  4 and  PEG  7)  also  contain  parame- 
ters identifying  a request  for  maxi  to  mini  data  transfer.  Thus  the  appropriate 
uplink  processors  may  also  invoke  this  prooess  and  provide  the  necessary  input 
data. 

A.  Detailed  Requires  ants.-  The  landing  site  update  principal  funotion  may  be 
invoked  during  OPS  2 by  the  universal  pointing  display  function.  This  func- 
tion may  be  performed  whenever  the  OPS  display  is  active  and  will  respond  to 
crew  input  from  the  keyboard.  This  function  may  also  be  invoked  by  the 
uplink  processors  for  the  PEG  4 and  PEG  7 command  uplink. 

The  principal  funotion  requires  two  tables  in  memory  for  both  runways  and 
TACAN: 


- Runway  and  TACAN  maxi  tables 

- Runway  and  TACAN  mini  tables 

The  runway  maxi  table  consists  of  data  sets  for  18  runways  and  4 MSBLS  to 
support  contingency  landing  sites  which  are  grouped  by  geographic  location. 
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Runway  Maxi  Table 

--  ■ - - * . • ■:  - ’ 

Runways 

MSBLS* 

gssmgy^JkssaaaBa 

1-3 

1-2 

A ■ - 

4-6 

3-4 

B 

/‘7-8  x 

/C\ 

V 9-10/ 

W 

/H-12\ 

/E\ 

\13-147 

Vf/ 

/15-161 

/G\ 

\17-lB/ 

Vh/ 

i runway  mini 

table  contains  data  for  three 

runways  and  two  MSBLS 

installations.  The  data  in  this  table  is  normally  I -Loaded  to  support  the 
nominal  end  of  mission  (OPS-3);  however,  these  data  may  be  overwritten  by 
invoking  the  prinoipal  funotion  to  transfer  contingency  site  data.  The  mini 
table  is  considered  to  consist  of  runways  19,  20  and  21  initially,  that  is: 


Runway  Ho 


20 

21 


Runway  Mini  Table 

Runway  Designation 

PRIMARY  (Runway  and  associated  MSBLS  site  data) 
SECONDARY  (Runway  and  associated  MSBLS  site  data) 
ALTERNATE  (Runway  site  data) 


The  parameters  PRI_MAXI_ CURRENT,  SBC_MAXI_CURRENT , and  ALT_MAXI_CURRENT  are 
used  to  specify  which  of  the  maxi  table  runways  have  been  transferred  to  the 
respective  mini  table  locations.  Prior  to  any  such  transfer,  the  parameters 
should  be  initialized  to  the  values  19,  20,  and  21,  respectively,  to  indicate 
that  the  IjLoaded  mini  table  values  are  current  and  have  not  been  over- 
written. Following  any  transfer  of  data,  the  appropriate  parameters  will 
be  updated  to  identify  the  current  contents  in  the  runway  mini  table. 

These  three  parameters  are  output  to  the  universal  pointing  display. 


The  runway  tables  consist  of  data  sets  of  the  following  parameters: 

Geodetic  latitude 
Longitude 
Runway  azimuth 

Altitude  above  reference  ellipsoid 

for  MSL  at  runway  site  (from  reference  ellipsoid) 

Magnetic  variation 

Runway  name  (six  character  string;  example:  EDW17) 

MLS_AVAIL  (primary  and  secondary  runways  only) 


§ 

t#MSBLS  installations  are  available  for  runways  1,  2,  4 and  5. 

For  any  of  these  initial  contents  which  are  overwritten,  it  may  thereafter  con- 
sist only  of  runway  number  1 to  18. 
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The  following  parameters  are  associated  with  available  MSBLS  SITES;  l.e.,  for 
runways  in  maxi  table  slots  1 , 2,  4,  and  5 and  for  the  I -Loaded  mini  table 
runways  designated  PRIMARY  and  SECONDARY. 

LAT  MLS  R AZ 

LONG  MLS  R AZ 

ALT  MLS  R AZ 

R AZ  SCANNER  BEARING 

LAT  MLSEL 

LONG  MLSEL 

ALT  MLSEL 

EL  SCANNER  BEARING 
B IAS_MLS_RANGE 
BIAS  AZMLS 
BIAS'BLMLS 
X DMEAZ  RN 
X~ EL  RW~ 

Y_DMEAZ_RW 

The  TACAN  maxi  table  oonslsts  of  50  TACAN's  grouped  acoording  to  proximity  to 
the  approach  path  to  landing  at  a particular  runway  site;  they  are  grouped  as 
follows:  £ 

TACAN  Runway  Geographic  Location 


I- 10  A 

II- 20  B 


The  TACAN  mini  table  is  I-Loaded  to  support  the  initial  (I-Load)  mini  table 
runways,  but  it  shall  be  reconstructed  automatically  by  a transfer  of  a maxi 
table  runway  to  the  mini  table  primary  runway.  For  example,  if  any  maxi  table 
runway  in  geographic  area  B is  transferred  to  the  mini  table  primary  runway, 
then  the  TACAN's  for  area  B (#  11-20)  will  also  be  transferred  to  the  TACAN  mini 
table. 


The  TACAN  tables  contain  the  following  data  for  each  TACAN  site: 


TACAN  channel  number 

Geodetic  latitude 
Longitude 

Height  above  reference  ellipsoid 
Ah  for  MSL  correction  at  TACAN  site 
Magnetic  variation 


Positive  for  X-mode) 
Negative  for  Y-mode) 
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TACAN  bearing  bias  • ••'  •- 

TACAN  range  bias*  ' 

the  runway  maxi  table  to  mini  table  transfer  is  performed  on  demand  and  ex- 
pects one  or  more  of  the  discretes,  ITEM  JEN,  ITEM2_IN,  or  ITEM3_IN  to  be 
ON.  If  IT&M1JLN  (primary  runway)  or  1TEM3_IN  (secondary  runway)  is  set  to 
ON,  both  runway  site  data  and  the  corresponding  MSBLS  site  data  (if  avail- 
able, that  is,  for  choice  of  runway  = V,  3,  4,  or  5)  from  the  maxi  table  is 
to  be  loaded  into  the  primary  or  seoondary  data  locations,  respectively, 
within  the  mini  table.  If  ITEM3_IN  (alternate  runway)  is  set  to  ON,  only 
runway  site  data  are  to  be  loaded  into  the  alternate  runway  data  locations 
within  the  mini  table.  The  integers  PRI_MAXI_SELECT , SEC_MAXI_SELECT,  and 
ALT_MAXI_SELECT  indicate  which  data  set  within  the  maxi  table  Is  to  be 
transferred  to  the  corresponding  data  set  within  the  mini  table.  After 
performing  the  data  transfer,  the  appropriate  ITEM1_IN,  ITEM2_IN , or  ITEM3_ 
IN  is  set  to  ON  for  output.  ” 

Whenever  the  primary  runway  data  has  been  altered  by  a maxi  to  mini  data 
transfer,  TACAK  data  are  to  be  automatically  transferred  from  the  maxi  TACAN 
table  to  the  mini  TACAN  table  according  to  the  primary  runway's  geographic 
location;  specifically,  if  ITEM1_IN  is  "ON"  and  PBI_MAXI_SELECT  has  a value 
of  1,  2,  or  3,  then  TACAN  data  sets  1-10  from  the  maxi  TACAN  table  are  to  be 
transferred  to  the  mini  table.  Likewise,  if  P RI_MAXI_SELE CT  has  a value  of 
4,  5,  or  6,  then  TACAN  data  sets  11-20  from  the  maxi  TACAN  table  are  to  be 
transferred  to  the  mini  table.  Finally,  whenever  PRI_MAXI_  SELECT  is  7 
through  10,  or  11  through  14,  or  15  through  18,  TACAN  data  sets  21-30  or  31- 
40  or  41-50,  respectively,  from  the  maxi  table  are  to  be  transferred  to  the 
mini  table.  Note  that  transfer  into  secondary  or  alternate  mini  table 
runway  slots  does  not  cause  additional  TACAN  transfers;  this  is 
operationally  redundant. 


The  ORBIT  OPS  display  also  provides  additional  identification  of  the  mini 
table  contents.  That  is,  it  displays  R0NWAY_NAMB JPSL , RUNHAY_NAME_SSL,  and 
RUNWAY_NAMS_ASL , which  are  contained  in  the  runway  mini  table.  These  parame- 
ters consists  of  6 characters  - three  letters  and  two  numbers  and  a blank  - 
e.g:  KSC15  or  KSC33  for  the  RTLS  runways  at  KSC. 


B.  Interf  ace  Requirements .-  The  initial  values  of  data  for  the  landing  site  and 
TACAN  mini  tables  are  defined  in  the  I -load  by  the  parameter  names  given  in 
table  4.6-1  (left-most  column);  normally  these  data  are  provided  to  support 
the  nominal  end  of  mission  for  the  entry  through  landing  in  OPS  3.  The  pa- 
rameter names  for  the  minitables  configured  in  this  OPS  for  use  in  OPS  3 are 
given  also  in  table  4.6-1  (right-most  column).  It  is  only  these  latter 
rainitables  (right-most  column)  which  may  be  updated  by  the  maxi  to  mini 
transfers,  or  uplink,  for  use  in  OPS  3,  while  the  I-load  parameters  (left- 
most column)  are  preserved  for  subsequent  transitions  into  OPS  2.  Therefore, 
for  certain  transitions  into  OPS  2,  it  may  be  necessary  to  ensure  that  those 


•Contained  only  in  the  mini  table;  assumed  equal  to  zero  for  maxi  table  TACANs. 
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parameters  in  the  right-hand  oolumn  are  initialized  with  the  X-load  values, 
while  for  other  transitions  into  OPS  2 reinitialization  oust  be  avoided. 
SpecJfio  conditions  for  these  initializations  are  given  in  paragraph  C, 
Processing  Requirements. 

The  maxitables  are  1-loaded  with  the  parameter  names  which  are  used  by  the 
software;  therefore,  they  are  always  initialized  by  the  I -load  values 
whenever  OPS  2 is  entered. 

The  inputs  and  outputs  for  this  function  are  shown  in  table  4.6-2.  The 
maxitables  (4.6-2,  Inputs)  are  initilized  directly  by  I-loads,  but  may  be 
updated  by  uplink.  The  minitables  (4.6-2,  Outputs)  may  (depending  on  previ- 
ous OPS)  be  initialized  by  X-load,  may  be  updated  by  uplink,  and  may  be 
updated  by  this  spec  function. 

The  maxi table  locations  of  the  ourrent  primary,  secondary,  and  alternate 
runways  selected  are  initialized  to  19,  20,  and  21  (parameters  PRI  MAXI_ 
CURRENT,  SEC_MAXI_ CURRENT , and  A LT_MAXI_ CURRENT , respectively).  The  I-load 
parameters  interface  is  shown  in  table  4.6-1  and  table  4.6-3. 

C.  Processing  Requirements.-  As  stated  in  paragraph  B,  it  was  neoessary  to  de- 
termine whether  the  minitables  which  are  reconfigured  it  this  OPS  (OPS  2) 
are  to  be  initialized  to  the  values  provided  by  the  X-load,  or  whether 
values  frcm  the  previous  OPS  should  be  retained.  Xf  the  transition  into  OPS 
2 is  from  either  OPS  1 or  OPS  3,  then  the  I-load  values  are  to  be  used;  but 
if  the  transition  into  OPS  2 is  frcm  any  OPS  other  than  OPS  1 or  OTS  3,  the 
values  from  that  preceding  OPS  should  be  retained. 

It  is  not  intended  that  this  spec  function  be  invoked  for  a nominal  mission; 
therefore,  the  orbit  OPS  display  should  show  current  values  prior  tc  execu- 
tion of  this  spec.  The  minitable  carried  across  the  OPS  2 to  OPS  3 transi- 
tion should  contain  the  I -loaded  data  if  the  spec  is  not  invoked  and  an 
uplink  has  not  ocourred;  it  should  contain  the  ourrent  reconfiguration  data 
if  the  spec  had  been  invoked  or  an  uplink  had  occurred. 

D.  Constraints Any  initializations  that  may  be  required  oy  the  implementation 
of  paragraph  C to  provide  the  appropriate  data  for  the  interface  tables  of 
paragraph  B must  preoede  the  execution  of  this  spec  function,  precede  uplink 
to  the  minitables,  precede  the  use  of  outputs  from  this  funotion,  and 
precede  the  transition  out  of  OPS  2.  Because  outputs  support  the  orbit  OPS 
display,  it  is  recommended  that  any  special  processing  required  be  accom- 
plished at  the  beginning  of  the  OPS  2. 

E.  Supplementary  Information.-  The  flight  software  I-load  contains  three 
minitables  of  Runway  and  TACAN  site  data: 

One  table  appropriate  for  RTLS  (used  in  OPS  1/6), 

One  table  appropriate  for  AOA  (used  in  OPS  3,  but  only  when  OPS  3 is 
entered  from  OPS  1). 
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One  table  appropriate  for  Bnd  of  Mission  (used  in  OPS  3,  but 
initialized  in  OPS  2 for  nominal  Bnd  of  Mission).  The  End  of  Mis- 
sion table  may  be  reconfigured  during  OPS  2 via  maxi  mini  transfers 
and/or  uplink  with  several  alternate  data  sets;  the  reconfigured 
tables  should  be  used  in  OPS  3 exoeot  for  A OA,  whioh  should  use  data 
provided  by  I-load  for  an  AOA. 

The  tabular  I-loaded  RTLS  data  are  Identified  by  "use  table"  parameter 
names  whioh  have  a specification  of  memory  configuration  01.  The  AOA  tables 
have  unique  1-load  parameter  names  ending  with  "-B";  and  a specification  of 
MC03. 

The  nominal  End-of-Mission  tables  have  unique  I-load  parameter  names  ending 
with  "«0"  and  a specification  of  MC02. 

A suggested  implementation  of  these  requirements  is  Illustrated  by  a detailed 
flow  diagram  shown  in  appendix  E under  the  following  name: 

LANDING  SITE  UPDATE  t 


sA- 

51 ft?  1'. 
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TABLE  4.6-1 .-  CORRESPONDENCE  CP  NOMINAL  END  OP  MISSION  I -LOAD 
NAMES  TO  OPS-2  "USE  TABUS"  NAMES 


OPS -2 

Nominal  End-of-Misslon 
Parameters 


OPS-2 

Use  Table  Parameters 


RW_LAT(  1 )_0 
RW_L0N( 1 )_0 
RW_AZIMUTH( 1 ) JO 
RUNHAY_ALT( 1 )_0 
RW_DELH( 1 )_0 
RW_MAO_VAR( 1 )_0 
LAT_MLS_R_AZ(  1 )_0 
L ON  G_MLS_  R_ AZ ( 1 )_0 
R_  AZ_  RA  DA  R_BEA  RI N G ( 1 )_0 
ALT_MLS_R_AZ( 1 )_0 
LAT_MLSEL(  1 )_0 
LON  G_MLSEL ( 1 )_0 
ALT_MLSEL( 1 )_0 
EL_SCANNER_BEARING( 1 )_0 
BIAS_MLS  RANGE  ( 1 ) JD 
BIAS_AZMLS(1)_0 
BIAS_ELMLS(  1 )_0 
X_DMEAZ_RW( 1 )_0 
X EL  RW( 1 ) 0 


RW_LAT_P3L 

RH_L0N_PSL 

RW_AZIMOTH_PSL 

RUNWAY_ALT_PSL 

RW_DELH_PSL 

RW_MAG_VAR_PSL 

LAT_ML3_R_AZ_PSL 

LON  G_MLS_  R_  AZ_  PSL 

R_AZ_RADA  R_BEARIN  G_PSL 

ALT_MLS_R_AZ_PSL 

LAT_MLSEL_PSL 

LONG_MLSEL_PSL 

ALT_MLSEL_PSL 

EL_SCANNER_BEARING_PSL 

B IAS_MLS RAN GE_PSL 

BIAS_AZMLS_PSL 

BIAS_ELMLS_PSL 

X_EMEAZ_RW_PSL 

X EL  RW  PSL 
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TABLE  4.6-2.-  LANDING_S ITB_OPDATE  PRINCIPAL  FUNCTION  INPUT /OUTPUT 


Variable 

Name 


I 
I 
I 
! 

I 

I 

! ALT  MAXI 
I SELfCT 

! 

I ITEM1  IN 
I 


! ITEM2  IN 
I 
! 

! 

I ITEM3_IN 
! 

! 

I 

! PRt_MAXI 
I SELECT 
! 

! 

! SEC_MAXI 
! SELECT 
I 
! 

I ALT  MAXI 
I CURRENT 
I 
! 

I PRI  MAXI 


I 

t 

Principal  Funotionl  Looal 

Souroe  (Destination 

I _______ 


Principal  Function 
Destination 


Looal 

Souroe 


CURRENT 

RUNWAT_NAIC 

ASL 


I 
I 
I 
I 
i 
I 

I RUNWAY  NAtC 
! PSL 
f 
I 
I 


I 

Univ  Point (6. 27),!  LANDING 
Uplink  PROC.  I SITE 
I UPDATE 
I 

Univ  Point (6. 27), I LANDING 
Uplink  PROC.  I SITE 
I UPDATE 
! 

Univ  Polnt(6.27),(  LANDING 
Uplink  PROC.  I SITE 
! UPDATE 
1 

Univ  Point(6.27),i  LANDING 
Uplink  PROC.  I SITE 
I UPDATE 
I 

Univ  Polnt(6.27),(  LANDING 
Uplink  PROC.  ! SITE_ 

! UPDATE 
I 

Univ  Point(6.27) i ! LANDING 
Uplink  PROC.  I SITE 
! UPDATE 
I 
I 
t 
I 
I 
! 
f 
I 
I 
I 
! 
f 
I 
I 
I 
! 

I 


Univ  Point  (6.27) 

Univ  Point  (6.27) 
Univ  Point  (6.27) 

Univ  Point  (6.27) 


LANDING 

SITE 

UPDATE 

LANDINGJSITE 

.UPDATE” 

MAXI  RWY_ 

TRANSFER 

CODE 

MAXI  RWY 

TRANSFER- 

CODE 
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Variable 

Name 

t 1 ! 1 
! 1 1 1 
(Principal  Function!  Looal  (Principal  Function! 
! Source  (Destination!  Destination  ! 
! ! ! ! 

Looal 

Source 

RUNWAY  NAME 
SSL 

I 

! 

I 

! 

1 

! 

! 

! 

a 

I I 
1 Univ  Point  (6.27)! 
! ! 

! ! 
a a 

MAXI  RWY 

TRANSFER- 

CODE 

SEC  MAXI 
CURRENT  “ 

s 

I 

1 

1 

I 

! 

1 

a 

! Univ  Point  (6.27)1 

! ! 

f | 

LANDING  SITE 
JJPDATE 

RUNWAY  MAXI 
TABLE 

PARAMETERS 
(SEE  TABLE 
4.6-3) 

I I -LOAD 
! 

! 

! 

! 

a 

I 

! 

1 

1 

! 

! 

a 

I 1 
! ! 
! ! 
! ! 
I 1 
1 ! 

TACAN  MAXI 
TABLE 

PARAMETERS 
(SEE  TABLE 
4.6-3) 

i 

1 I -LOAD 
1 
I 
! 

! 

a 

! 

i 

i 

! 

! 

! 

a 

I s 
! 1 
! ! 
1 ! 
! 1 

! ! 
a a 

RUNWAY  MINI 
TABLE 

PARAMETERS 
(SEE  TABLE 
4.6-3) 

I 

i 

! 

! 

! 

! 

1 

! 

! 

! 

! 

! 

! 

1 

! I -LOAD  ! 

! ! 

! ! 

! ! 

! ! 

a a 

TACAN  MINI 
TABLE 
PARAMETER 
(SEE  TABLES 
4.6-3) 

I 

! 

I 

! 

! 

! 

! 

! 

! 

! 

1 

! 

! 

! 

1 

! 

! 

I 

! 

! 

! 

! 

! 

! 

! 

I 

I 

1 

! 

1 I -LOAD  ! 

( ! 

! ! 

! i 

! ! 

! ! 

! ! 

! ! 

! ! 

I ! 

! 1 

I ! 

! ! 

! I 
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TABLE  4.6-3.-  LANDING^  TE_UPDATB  PRINCIPAL  FUNCTION  I -LOAD  PARAMETERS 


Level  C 
Symbol 

I 

i 

I Input  Source 
I 

RUNWAY  MINI  TABUS 

I 

t 

• 

RW_LAT_PSL 

I 

I •• 
1 

RW_LCN_PSL 

1 

RW_AZIMUTH_PSL 

1 « 
1 

RUNWAY_ALT_PSL 

t M 
1 

RW_DELH_PSL 

I •• 

( 

RW_MAG_VAR_PSL 

1 »e 
1 

LAT_MLS_R_AZ_PSL 

i 

LONG_MLS_R_AZ_PSL 

1 *• 
t 

R AZ  RADAR  BEARING  PSL  1 »• 

t 

ALT_MLS_R_AZ_PSL 

1 *• 
1 

LAT_MLSEL_PSL 

1 ee 
1 

LONG_MLSEL_PSL 

I ee 

I 

ALT_MLSBL_PSL 

! »• 
i 

EL_SCAHNER_BBARINO_PSL  ! •• 

B IAS_MLS  RAN GE_  PSL 

! '* 
1 

BIAS_AZMLS_PSL 

1 11 

t 

BIAS_ELMLS_PSL 

! ** 
1 

X_DMEAZ_RW_PSL 

1 •• 

I 

X_EL_RW_PSL 

1 ee 

t 

Y_DMEAZ_RW_PSL 

1 ** 

I 

•V 

Initialization  parameters,  see  section  4.7  (These  parameters  may  also  be 
dynamically  updated. ) 
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TABLE  4.6-3.-  LANDXMO^SXTBJPDATO  PRINCIPAL  PONCTION 
I -LOAD  PARAMETERS.-  Continued 


) 


Level  C 
Symbol 


I 
I 

I 

I 

I MLS  AVAIL  PSL 
! 

I RUNWAY  NAME  PSL 


I RW  LAT  SSL 
! 

! RW  LON  SSL 
I 

I RW  AZIMUTH  SSL 
I 

I RUNWAY_ALT_SSL 
! 

i RW_DELH  SSL 
I 

! RW_MAG  VAR  SSL 
I 

I LAT_MLS  R_AZ_SSL 
I 

f LONG  MLS_R  AZ  SSL 
I 

I R AZ_nADAR_8EARINO  SSL 
! 

I ALT  MLS  R AZ  SSL 
I 

I LAT  MLSBLJSSL 
I 

I LONG  MLSEL  SSL 
! 

! ALT  MLSEL  SSL 
I 

! EL  SCANNER  BEARING  SSL 
! 

! BIAS  MLSRANGB  SSL 
I 

I BIAS  AZMLS  SSL 
I 

! BIAS  EL  MLS  SSL 
t 

I X DMEAZ  RW  SSL 
I 


Initialization  parameters,  see  section  4, 
dynamically  updated.) 


7 (These  parameters  may  also  be 
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TABLE  4.6-3.-  LANDING  SITE  UPDATE  PRINCIPAL  PUNCTION 
I -LOAD  PARAMETERS.-  Continued 


i 

$ 

r 

I 


*,  ■ 

I 

£ 


( 


c 


Level  C 
Symbol 


X_EL_RW_SSL 

1 

• 

ss 

Y_DM5AZ_RW_SSL 

1 

1 

I 

se 

MLS_AVAIL_SSL 

1 

1 

I 

as 

RUNWAY_NAME_SSL 

1 

! 

• 

ss 

RW_LAT_ASL 

I 

I 

• 

ss 

RW_L0N_ASL 

1 

I 

• 

ss 

RW_AZ  I MUTH_ASL 

I 

1 

ss 

RUNWAT_ALT_ASL 

I 

I 

ss 

RW_DELH_ASL 

1 

I 

| 

ss 

RW_MAG_VAR_ASL 

1 

I 

f 

ss 

RUNWAY_NA«_ASL 

1 

1 

t 

ss 

TACAN  MINI  TABLE 

I 

1 

LATITUDB_GEODETIC 

! 

• 

ss 

LONGITUDE_EAST 

1 

1 

f 

ss 

ALT_ABOVE_ELLIPSOID 

I 

! 

ss 

MSL_ABOVE_  ELLIPSOID 

• 

! 

ss 

MAGNETIC  VARIATION 

I 

1 

• 

ss 

TAC_ID 

I 

! 

ft 

ss 

RUNWAY  MAXI  TABLE 

1 

i 

1 

RW  LAT 

1 

! 

ss 

1 

f 

>i 


Initialization  parameters,  see  seotion  4.7  (These  parameters  may  also  be 
dynamically  updated.) 
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TABLE  4.6-3.-  LANDING  SITE  UPDATE  PRINCIPAL  FUNCTION 
I -LOAD  PARAMETERS.-  Continued 


Level  C 
Symbol 

1 

1 

! Input  Source 
1 

RW_LON 

! *> 

RW_AZIMUTH 

1 * 

RUNHAY_i.LT 

X 

1 «ft 
1 

RW_DELH 

! «• 

RW_MAG_VAR 

! 

| «ft 

HUNWAY_NAME 

X 

| *« 

LAT_MLS_R_AZ 

X 

| »« 

LCNG_MLS_R_AZ 

X 

1 »ft 

1 

R _AZ_RADAR_BEA  R ING 

X 

1 «« 
1 

ALT_MLS_R_AZ 

X 

1 II 

LAT_MLSEL 

X 

1 11 

LONG_MLSEL 

I 

1 II 

ALT_MLSEL 

X 

1 II 

EL_SCANNER_BEARING 

X 

1 »» 
a 

BIAS_MLS_RANGE 

| II 
• 

BIAS_AZML 

| II 

BIAS_ELMLS 

X 

| II 

X _DMEAZ_RW 

I 

| ft* 

I 

X _EL_RW 

X 

( ftff 

Y DMEAZ  RW 

X 

1 •• 

Initialization  parameters,  see  section  4.7  (These  parameters  may  also  be 
dynamically  updated.) 


TABLE  4.6-3.-  LANDING  SITE  UPDATE  PRINCIPAL  FUNCTION 
I -LOAD  PARAMETERS.-  Concluded 
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Level  C 
Symbol 


Input  Souroe 


TACAN  MAXI  TABLE 

TACAN_ID_MAXI 

LATITUDEjGEODETICJMAXI 

LONGITUDE_EAST_MAXI 

ALT  ABOVE  ELLIPSOID 
MAXI 


§» 

•e 

«i 

•« 


MSL  ABOVE  ELLIPSOID 
MAXI 


H 


MAGNETIC  VARIATION 
MAXI 


ll 


•« 


Initialization  parameters,  see  section  4.7  (These  parameters  may  also  be 
dynamically  updated.) 


4-315 


79FM10 


4.7  INITIALIZATION  OF  SPBCIFIC  OPS  2 NAVIGATION  PARAMETERS 

It  is  required  that  initial  values  for  oertain  speoifio  parameters  be  made  avail* 
able  for  use  by  the  navigation  flight  software.  These  parameters  oan  be  divided 
into  six  oategories: 

1.  Level  A Constants  - Those  parameters  with  values  that  are  not  mission  re- 
lated nor  desiffi  dependent.  These  parameters  and  values  are  defined  in 
Level  A CPDS  (SS-P -0002- 1700). 

2.  Mission  Dependent  Parameters  - Those  parameters  with  values  that  may 
change  from  mission  to  mission.  These  parameters  and  their  values  will 
be  defined  in  an  I-LOAD  FSSR  that  has  not  been  written  as  of  the  date  of 
this  document. 

3.  Design  Dependent  Parameters  - Those  parameters  whose  values  are 
considered  to  be  a part  of  the  software  design.  These  parameters  and 
values  are  defined  in  this  book. 

4.  Hard  Codeable  Parameters  - Those  parameters  whose  values  must  be  defined 
but  are  neither  mission  dependent  nor  design  dependent  and  are  not 
defined  by  the  Level  A CPDS. 

5.  Other  required  initial  values  - Those  parameters  whose  values  do  not  fit 
in  any  of  the  four  above  categories. 

6.  OPS  Transition  Parameters  - Those  parameters  whose  values  are  needed  by 
the  OPS  2 or  OPS  8 navigation  flight  software,  or  calculated  by  OPS  2 
for  an  OPS  transition  to  OPS  8,  OPS  3,  or  OPS  00,  or  calculated  by  OPS  8 
for  an  OPS  transition  to  OPS  2,  OPS  3,  or  OPS  00. 

These  six  categories  of  initialization  parameters  are  denoted  in  the 
INITIALIZATION  CATEGORY  column  of  the  variable  lists  in  the  appendices  by  the 
following  abbreviations: 

C - Level  A constants 

M)  - Mission  dependent  parameters 

DD  - Design  dependent  parameters 

HC  - Hard  codeable  parameters 

IV  - Other  required  initial  values 

OPS  - OPS  transition  parameters 
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4.8  DOWNLIST  REQUIREMENTS  1 

Down list  requirements  for  the  Onorbit/Rendezvous  (OPS -2)  operations  computer 
load  are  given  in  the  Computer  Program  Development  Speolfioation  (CPDS)  Vol  \t 
Book  4,  Downlist/Uplink  Software  Requirements  (SS-P-0002-14QF).  Data  that  will 
be  available  for  downlist  may  be  found  in  the  principal  function  input/output 
tables  marked  with  TLM  as  output  destination.  They  may  also  be  found  in  the  var- 
iable lists  of  appendices  A,  C,  D,  E and  F indicated  by  the  word  "downlist"  in 
the  Uplink/Down list  column  of  the  variable  lists. 
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4.9  UPLINK  REQUIREMENTS 

The  following  subseotions  identify  uplink  requirements  to  support  the  orbital 
operations  oomputer  load  onboard  navigation  software.  Each  subsection 
identifies  a specific  set  of  parameters  which  are  candidates  for  uplink  and  de- 
tails tiie  structure  of  the  formatted  load,  specifies  any  OP -CODE  oheoking  and/or 
special  processing  required  as  a result  of  the  occurrence  of  the  particular 
uplinked  data,  and  describes  any  speoial  constraints  involved.  All  navigation 
related  uplink  parameter  requirements  are  grouped  into  the  following 
categories: 

- Orbiter  state  vector  uplink  parameters  (section  4.9.1) 

- Rendezvous  vehicle  state  vector  uplink  parameters  (section  4.9.2) 

- Vent/RCS  thrust  body  foroe  veotor  uplink  parameters  (section  4.9.3) 

- Drag  model  correction  factor  uplink  parameter  (section  4.9.4) 

- Covariance  matrix  uplink  parameters  (section  4.9.5) 

- Land ing/TA CAN  table  uplink  processing  (section  4.9.6) 

- Landing  site  selection  parameters  (section  4.9.7) 
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4.9.1  Orblter  State  Vector  Uplink  Parameters  (ORBITBR-SfATB.VECTOR_PPLINK) 

The  parameters  to  be  candidates  for  change  via  command  uplink  assooiated  with 
the  Crbiter  state  veotor  update  inolude  the  Orbiter  M50  position  and  velocity 
vectors,  and  the  assooiated  time  tag. 

A.  Detailed  Requirements.-  The  Orblter  ICO  position  and  velocity  vectors  with 
the  associated  time  tag  (GMT)  oan  be  changed  via  a formatted  load  structured 
as  described  in  table  4. 9. 1-1.  The  following  high-rate  speoial  processing 
is  required  upon  receipt  of  an  Orbiter  state  vector  command  uplink  load: 


1.  A bit-string  (OP-CODE)  shall  have  been  set  to  the  "Orbiter  state  vector 
uplink"  OP -CODE  value  (0001001)  by  the  ground  uplink  processing  software 
when  data  are  received  from  the  ground. 

2.  The  bit-string  (OP-00DE)  shall  first  be  tested  by  the  speoial  processing 
software  to  determine  if  it  equals  the  value  specified  for  an  Orbiter 
state  uplink : 


! 

! OP -CODE  = 0001001 
1 


3.  If  the  above  is  true,  a flag  ( D0_0V_UP LINK ) shall  be  set  to  ON,  and  the 
uplinked  Orbiter  state  vector  with  associated  time  tag  shall  be  stored 
in  special  locations: 


DO_0V_UPLINK  = ON 
R GND  s BUFFER_R 
V _GND  = KJFFERJf 
f GND  = BUFFER  T 


and  the  OP -CODE  shall  be  nulled. 


OP -CODE  s 0000000 


Once  the  special  high-rate  special  processing  has  been  performed  by  the 
ground  uplink  software,  additional  low-rate  special  processing  is 
required  to  be  performed  at  a particular  point  during  execution  of  the 
next  navigation  cycle.  Detailed  requirements  for  the  low-rate  special 
processing  requirements  are  presented  in  section  4.2.5. 1. 


B.  Interface  Requirements .-  The  input/output  required  for  the  high-rate  special 
processing  s/w  are  listed  in  table  4. 9. 1-2.  Required  input  and  output  for 
low-rate  special  processing  s/w  are  listed  in  table  4. 2. 5.1. 


C.  Processing  Requirements.-  The  high  rate  special  processing  detailed  in  this 
section  shall  be  performed  at  a fast  enough  rate  so  that  if  two  command 
uplinks  (Orbiter  and  target)  are  transmitted  between  navigation  cycles,  both 
sets  of  data  (including  the  D0_0V_UPLINK  and  DO_TV_UPLINK  flags)  will  be 
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available  to  the  low  - (nav)  - rate  special  processing  software.  The  low- 
rate  special  processing  (section  4. 2.5.1)  shall  be  perforated  during  a naviga- 
tion cycle  immediately  foilwing  the  normal  state  vector  propagation  and  dur- 
ing rendezvous  navigation  phases  covarianoe  matrix  propagation  subfunctions. 

D.  Constraints.-  Beoause  of  a system  software  requirement  to  clear  uplink  data 
buffers  in  a relatively  short  amount  of  time,  and  beoause  of  the  relatively 
slow  rate  at  which  the  onorbit/rendezvous  navigation  principal  funotion  will 
be  operating,  a fast-rate  speoial  processing  funotion  is  required  to  buffer 
off  the  feta  and  set  flags.  There  is  also  a requirement  to  be  able  to 
update  both  the  Or biter  and  the  target  states  in  a single  navigation  oycle, 
if  such  data  has  been  uplinked. 

E.  Supplementary  Information A suggested  Implementation  of  the  Orbiter  state 
vector  formatted  load  speoial  processing  requirements  in  the  form  of 
detailed  flowcharts,  are  presented  in  Appendix  F under: 

OHGRBXT  REND  AUTO  INFLIGHT  UPDATE  (low-rate  speoial  processing) 
CRBITER~STATE_VECTOP_UPLINK  (high-rate  speoial  processing) 
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TABLE  4. 9. 1-1.-  ORB ITER  STATE  VECTOR  UPLINK  DATA  FORMAT 


UPLINK  BUFFER  DATA 


Level  B 
Mnemonic 


Name 


Description 


Command 

Word 


Data 


Units 


Type 


BUFFER  JRt 

! 

X-Position  in  M50 

! CW3, 

CW4 

1 

DP 

I 

i 

coord 

1 

1 

I 

• 

BUFFER_R2 

1 

! 

Y-Position  In  M50 

! CW5, 

CW6 

1 

! 

DF 

! 

• 

coord 

I 

• 

I 

1 

buffer_r3 

1 

! 

Z-Position  in  M50 

! CH7, 

CW8 

I 

! 

DF 

! 

coord 

! 

| 

! 

1 

BUFFER_Vi 

! 

1 

X-Velocity  in  M50 

! CW9 

s 

1 

SF 

l 

• 

coord 

I 

• 

! 

• 

buffer_v2 

I 

! 

Y-Velocity  in  M50 

s 

i CW10 

I 

1 

SF 

1 

■ 

coord 

I 

1 

! 

« 

buffer_v3 

1 

1 

Z-Velocity  in  M50 

! CW11 

s 

! 

SF 

1 

I 

coord 

I 

1 

! 

1 

BUFFER JT 

I 

! 

Time  Tag  in  M50 

1 CW1, 

CW2 

I 

! 

DF 

ft 

ft 

ft 

ft/aeo 

ft/sec 

ft/see 


sec 
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TABLE  4. 9. 1-2.-  ORBITBR  STATE  VECTOR  UPLINK  INPUT/OUTPUT 


Variable  Name 


BUFFER  R 


BUFFER  V 


BUFFER  T 


DO  OV  UPLINK 


R GND 


Input  Source 


GROUND  UPLINK 
PROCESSOR 

GROUND  UPLINK 
PROCESSOR 

GROUND  UPLINK 
PROCESSOR 


Output  Destination 


NAV_ONORBIT_RENDEZVOUS 

ONOHBIT  REND  AUTO  INFLIGHT 
UPDATE  “ 

ONQRBIT  REND  AUTO  INFLIGHT 
UPDATE  “ 

ONORBIT  REND  AUTO  INFLIGHT 
UPDATE  “ 
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4.9.2  Rendezvous  Vehicle  State  Vaotor  Uplink  Parameters  ( RENDEZVOUS -ST ATB- 

Vbct6rjupldIkT 

The  parameters  to  be  candidates  for  change  via  command  uplink  associated  with 
the  rendezvous  vehiole  state  vector  update  inolude  the  rendezvous  vehicle  M50 
position  and  velocity  veotors,  and  the  associated  time  tag. 


A.  Detailed  Requirements.-  The  rendezvous  vehiole  M50  position  and  velooity 
vectors  can  be  changed  via  a formatted  load  structured  as  described  in  table 
4. 9. 2-1.  Bach  load  contains  a time  tag  (OMT)  associated  with  the  state 
vector.  The  following  high-rate  special  processing  is  required  upon  reoeipt 
of  a rendezvous  vehiole  state  vector  oommand  uplink  load. 


1.  A bit-string  (OP_CODE)  shall  have  been  set  to  the  "rendezvous  vehiole 
state  vector"  0P_C0DB  value  (0001010)  by  the  ground  uplink  processing 
software  when  data  are  received  from  the  ground. 


2.  The  bit  string  (0P_C0DE)  shall  first  be  tested  by  the  special  processing 
software  to  determine  if  it  equals  the  value  specified  for  the 
rendezvous  vehiole  state  uplink, 


I 

! OP  CODE  = 0001010 
I “ 


/ 


3.  If  the  above  is  true,  a flag  (DOJTVJUPLINK ) , shall  be  set  to  ON,  and  the 
rendezvous  vehicle  state  vector  and  associated  time  tag  shall  be  stored 
in  special  looations:  / 

DO_TV_UPLINK  = ON 
R _TV_GND  = BUFFER  RT 
V _TV~GND  = BUFFER- VT 
T TV  GND  s BUFFER  ft 


and  the  0P_C0DE  shall  be  nulled  signifying  that  the  state  vector  has 
been  transferred  to  the  locations: 


OP_CCDE  a 0000000 

Once  the  above  high-rate  special  processing  has  been  perforated  by  the 
ground  uplink  software,  additional  low-rate  special  processing  is 
required  to  be  performed  at  a particular  point  during  execution  of  the 
next  navigation  cycle.  This  latter  class  of  special  processing  will  ac- 
tually re-initialize  the  rendezvous  vehicle  state  vector  using  the 
uplinked  data.  Detailed  requirements  for  this  (low-rate)  portion  of  the 
special  processing  requirements  are  presented  in  section  4.2.5. 1. 


B.  Interface  Requirements.-  The  input  and  output  required  for  the  high-rate  spe- 
cial processing  software  are  listed  in  table  4. 9. 2-2.  Input  and  output  for 
the  low-rate  special  processing  software  are  listed  in  table  4.2.5. 1. 


i. 
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C.  Prooeaaing  Requirements.-  The  high-rate  apeoial  prooeaaing  detailed  in  this 
aeetlon  shall  be  perforaed  at  a fast  enough  rate  so  that  if  two  command 
uplinks  (Orbiter  and/or  target)  are  tranaaitted  between  navigation  cycles , 
both  data  sets  (Including  the  DO_OV_UPLINK  and  DO_TV_UPLINK  flags)  will  be 
available  to  the  low  -(nav)-  rate  apeoial  proeeasTng~aof tware . The  low-rate 
special  prooeaaing  (aeotion  4.2.5. 1)  shall  be  perforaed  during  a navigation 
oyole  lamed lately  following  normal  state  veotor  propagation  and,  during 
rendezvous,  oovarianoe  matrix  propagation  subfunotions. 

D.  Constraints.-  Beoauae  of  a system  software  requirement  to  olear  uplink  data 
buffers  in  a relatively  short  amount  of  time,  and  beoause  of  the  relatively 
alow  rate  at  which  the  onorbit/rendezvous  navigation  principal  funotion  will 
be  operating,  a fast-rate  special  prooeaaing  funotion  is  required  to  buffer 
off  the  data  and  set  flags.  There  is  also  a requirement  to  be  able  to 
update  both  the  Orbiter  and  rendezvous  vehicle  state  veotora  on  a single  nav- 
igation cycle  if  suoh  data  have  been  uplinked. 

E.  Supplementary  Information .-  A suggested  implementation  of  the  formatted 
rendezvous  vehicle  state  veotor  load  speoial  processing  requirements,  in  the 
fora  of  detailed  flowcharts  are  presented  in  Appendix  P under: 

ONORBIT  REND  AUTO  INFLIGHT  UPDATE  (low-rate  speoial  processing) 
RENDEZVOUS_STATE_VE CTOF JJPLINK  (high-rate  speoial  processing) 
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TABLE  4 .9 .2—1—  RENDEZVOUS  VEHICLE  STATE  VBCTOH  OP LINK  DATA  FORMAT 


i UPLDJK  BUFFER  DATA 

t 

Level  B 

1 

1 

*!  Coaund 

I Date 

! Units 

Mnemonic 

1 Name 
! 

1 Description 

! 

! Word 

1 

1 Type 
1 

! 

1 

1 

* 

! 

1 BUFFER  HTi 

1 X -Position  in  M50 

! CW3,  CWV 

1 DP 

! ft 

! 

• 

! coord 
■ 

1 

| 

! 

| 

! BUFFER  RT2 

l 

i T-Position  in  M50 

! CW5,  CW6 

! DP 

! ft 

! 

A 

I coord 

• 

I 

• 

1 

• 

! BUFFER  HT3 

I 

t Z-Position  in  M50 

1 

1 CW7,  CW8 

! DP 

1 ft 

• 

1 coord 
1 

! 

• 

1 

1 

1 BUFFER  VTj 

s 

! X-Velocity  in  M50 

I 

! CW9 

I 

! SF 

I ft/sea 

! 

| 

1 coord 
| 

1 

• 

1 

a 

! BUFFER  VT2 

! Y-Velocity  in  M50 

1 

1 CW10 

I SF 

! ft/sec 

! 

• 

1 coord 
| 

! 

I 

1 

a 

1 BUFFER  VTa 

! Z -Velocity  in  M50 

! CW11 

t SF 

1 ft/seo 

1 

! coord 

I 

I 

! 

| 

I 

i BUFFBRJT 

I 

! Tine  Tag  in  M50 

a 

I 

! CW1,  CW2 
• 

1 

1 BF 

a 

1 see 

l 

o 
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TABLE  A. 9. 2-2.-  RENDEZVOUS  VEHICLE  STATE  VECTOR  UPLINK  INPUT /OUTPUT 


T F 


Variable  Nase 

! Inpufc  Source 

I 

1 Output  Destination 

t 

BUFFERJJT 

f 

! GROUND  UPLINK 

1 PROCESSOR 
• 

1 

1 

| 

BUFFS  R_VT 

1 GROUND  UPLINK 

1 PROCESSOR 
• 

1 

1 

BUFFER_TT 

1 GROUND  UPLINK 

1 PROCESSOR 
1 

1 

! 

1 

• 

DO_TV_UPLINK 

I 

t 

• 

1 NAV_ONORBIT_RENDRZVOUS 
1 * “ 

R _TV_GND 

I 

t 

1 

fl 

! ON OR BIT  REND  AUTO  INFLIGHT 

I UPDATE  ” 

■ 

V _TV_QND 

I 

! 

1 

| 

1 ONORBIT  REND  AUTO  INFLIGHT 
I UPDATE  ~ 

| 

T_TV_OND 

I 

1 

I 

! ONORBIT  REND  AUTO  INFLIGHT 
I UPDATE  ' 
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4.9.3  Vent/RCS  Body  Foroe  Vector  Uplink  Parameters  ( VENT.JCS.»MODBL_PARAMJJPLINK ) 

The  parameters  to  be  candidates  for  change  via  the  Vent/RCS  thrusting  uplink  com- 
mand load  include  a body  contaot  foroe  VFORCE,  to  aooount  for  venting  and 
uncoupled  RCS  thrusting  and  other  body  oontaot  forces  if  desired,  and  the 
associated  aotion  ON/OFF  times  (TPON  and  TFOFF).  These  data  are  specified  by 
premission  I-load  values  (see  section  4.7)  or  uplinked  to  be  used  by  the 
Onorbit/Rendeevous  Navigation  principal  function  in  both  OPS  2 and  OPS  8. 

ONORBIT_RENDEZVOUS_NAV 

A.  Detailed  Requirements . - The  values  of  the  body  oontaot  foroe  (VFORCE)  and 
associated  on-off  times  (TFON  and  TFOFF)  may  be  ohanged  via  a formatted  com- 
mand load  structured  as  described  in  table  4. 9. 3-1.  The  following 
processing  will  be  initiated  upon  reoeipt  of  a Vent/RCS  uplink  from  the 
ground . 

1.  A bit-string  (0P_C0DB)  shall  have  been  set  to  the  "Vent/RCS  Body  Foroe 
Vector  uplink"  0P_C0DE  value  (0101001)  by  the  ground  uplink  processing 
software  when  data  are  received  from  the  ground. 

2.  The  bit-string  (0P_C0DE)  shall  first  be  tested  by  the  processing  soft- 
ware to  determine  if  it  equals  the  value  specified  for  a Vent/RCS 
uplink: 

1 \ 

! OP  CODE  s 0101001  S 
I - 

3.  If  the  above  is  true,  the  Vent/RCS  Body  Contact  Force  Vector  VFORCE  and 
ON/QFF  action  tinrs  (TF0N/TF0FF)  shall  be  stored  in  special  locations: 

VPORCE  s BUFFER  B 
TFON  s BUFFER  0^ 

TFOFF  s BUFFER_0Z 

and  the  OP_C0DE  shall  be  nulled. 

OP_CGDE  > 0000000 

B.  Interface  Requirements.-  The  input  and  output  required  for  a Vent/RCS  uplink 
are  shown  in  table  4. 9. 3-2 . 

C.  Processing  Requirements.-  The  uplink  Vent/RCS  command  load  will  cause  revi- 
sion of  all  entries;  l.e., 

VFORCE 

TFON 

TFOFF 
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For  this  reason,  all  entries  of  the  Vent/RCS  oonmand  load  shall  be  filled  j 

with  their  desired  values  (those  values  desired  inmediately  after  the  com-  ^ ^ 

pletion  of  the  uplink)  even  if  some  of  the  entries  are  to  remain  the  seme. 

Constraints.-  None 

Supplementary  Information.-  A suggested  implementation  of  the  Vent/RCS  body 
contact  foroe  parameter  uplink  in  the  fora  of  a detailed  flowchart  ( VENT_RCS_ 
MODELPARAMJJPLINK)  is  presented  in  Appendix  F.  | | 


\ 


£ 
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TABLE  4. 9. 3-1.-  VENT/RCS  BODY  FORCE  VECTOR  UPLINK  DATA  FORMAT 


!_ 

UPLINK  BUFFER  DATA 

I 

! 

Command  ! 
Word  ! 
! 

Data 

Type 

Units 

Level  B 1 
Mnemonic! 

! 

Name 

! 

! Description 

! 

i 

! 

I 

! 

! 

BUFFER  Bi 

! 

1 Vent/RCS  X-Body  force 

! 

in  ! 

! 

CW5  ! 

SF 

lb 

1 

BUFFER  B2 

! Vent/RCS  Y-Body  force 

body  I 

CW6  ! 

SF 

lb 

! 

| 

buffer_b3 

1 Vent/RCS  Z-Body  force 

coord! 

1 

CW7  1 

| 

SF 

lb 

BUFFER_0 i 

! Vent/RCS  ON  time 

• 

1 

! 

1 

CW1,  CW2! 

| 

DF 

seo 

! 

! 

BUFFER_02 

! 

! Vent/RCS  OFF  time 
! 

I 

! 

! 

CW3,  CW4! 

; 

DF 

sec 

( 
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TABLE  4. 9. 3-2.-  VENT/ftCS  BODY  FORCE  VECTOR  UPLINK  INPOT/OUTPUT 


Variable  name 

! 

t Input  Source 

! 

! 

t Output  Destination 

t 

BUFFERB 

! GROUND  UPLINK 
1 PROCESSOR 

1 

I 

1 

BUFFER_Oi 

! GROUND  UPLINK 
! PROCESSOR 

! 

t 

BUFFER  02 

t 

i GROUND  UPLINK 
! PROCESSOR 
t 

! 

f 

! 

t 

V FORCE 

! 

i 

1 

1 ACCEL  ONORBIT 

TFON 

X 

! 

1 

! ACCEL_ONORBIT 

TFOFF 

i 

! 

! ACCEL  ONORBIT 
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4.9.4  Drag  Model  Correction  Factor  Unlink  Parameters  (DRAQ_MODBL JARAM^UPLINK) 

The  drag  model  parameter  which  is  a candidate  for  change  via  uplink  is  KFACTOR. 
Command  load  uplink  capability  of  this  parameter  ensures  that  there  exists  a 
means  whereby  the  Orbiter  drag  coefficient  may  be  adjusted  if  neoessary  during  an  * 
Orbiter  propagation  mode.  The  drag  model  is  used  by  the  onorblt/rendezvous  navi- 
gation principal  function  during  OPS  2 and  OPS  8: 

ONOR  8 XT_  REN  DEZ V 0US_NAV 

A.  Detailed  Requirements The  value  of  the  drag  model  correction  faotor 
(KFACTOR)  oan  be  changed  via  a formatted  command  load  structured  as 
described  in  table  4. 9-4-1.  The  following  processing  will  be  initiated  upon 
receipt  of  a drag  model  correction  factor  uplink  from  the  ground. 


1.  A bit-string  (QP_CODE)  shall  have  been  set  to  the  "Drag  Model  Correction 
Factor  Uplink"  0P_C0DE  (0101010)  by  the  ground  uplink  processing  soft- 
ware when  data  a-e  received  from  the  ground. 

2-  The  bit-string  (0P_C0DE>  shall  first  be  tested  by  the  processing  soft- 
ware to  determine  if  it  equals  the  value  specified  for  a drag  model  cor- 
rection factor  uplink. 


{, 

j 

f 

K 

t 

i 


i 

$ 


! 0P_C0DE  = 0101010  / 

^ - r_  ^ 

3.  If  the  above  is  true,  the  drag  model  correction  factor  (KFACTOR)  shall 
be  stored  in  a special  location: 

KFACTOR  = BUFFER_K 

and  the  0P_C0D7-  shall  be  nulled. 

0P_C0DE  = 0000000 

B.  Interface  Requirements.-  The  input  and  output  required  for  a drag  model  cor- 
rection factor  uplink  are  shown  in  table  4. 9. 4-2. 

C.  Processing  Requirements.-  Hone 

D.  Constraints . - None 

E.  Supplementary  Information .-  A suggested  implementation  of  the  KFACTOR 
update  capability  is  presented  in  Appendix  F in  the  form  of  a detailed  flow- 
chart, DRAG  MODEL  PAPAMJJPLINK. 


I 


f 


jig 
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TABLE  4. 9. 4-1.-  DRAG  MODEL  CORRECTION  FACTOR  UPLINK  BATA  FORMAT 


Level  B 
Mnemonic 


Name 


UPLINK  BUFFER  DATA 
I 

! Description 


Command 

Word 


Data 


Units 


Type 


BUFFER  K 


Drag  Model 
Correction  Faoter 


CW1,  CW2 


! 


j 


I I 


i 
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TABLE  4. 9. 4-2.-  DRAG  MODEL  CORRECTION  FACTOR  UPLINK  INPUT/OUTPUT 


Variable  Name 


BUFFER  K 


KF  ACTOR 


Input  Source 


GROUND  UPLINK 
PROCESSOR 


Output  Destination 


ACCEL  ONORBIT 
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4.9.5  Covarlnnoe  Matrix  Uplink  Parameters  (COV,MATRIX-PARAM_UPLINK) 

The  parameters  to  be  candidates  for  change  via  uplink  associated  with  the 
oovarianoe  matrix  update  include  diagonal  elements  (standard  deviations)  of  the 
filter  state  oovarianoe  matrix  in  UVW  coordinates  and  selected  correlation 
coefficients. 

A.  Detailed  Requirements.-  Values  of  the  pre-stored  ( I -Load ) UVW  covariance 
matrix  can  be  changed  via  a formatted  command  load  structured  as  described 
in  table  4. 9. 5-1.  Each  load  will  contain  data  entries  to  replace  the  values 
of  the  UVW  standard  deviations  (SIG  UPDATE).  Detailed  descriptions  of  these 
parameters  can  be  found  in  section  7.2.5  and  section  4.7.  The  following 
processing  is  required  upon  reoeipt  of  the  covariance  matrix  uplink  command 
load . 

1 . A bit-string  (OP_CGDE)  shall  have  been  set  to  the  "Covariance  Matrix 
Uplink"  OP_CODE  (0101011)  by  the  ground  uplink  processing  software  when 
data  are  received  from  the  ground. 

2.  The  bit-string  (0P_C0DE)  shall  first  be  tested  by  the  processing  soft- 
ware to  determine  if  it  equals  the  value  specified  for  a covariance 
matrix  uplink: 


! \ 

I OP_CODE  = 0101011  > 

i X 

3.  If  the  above  is  true,  the  standard  deviations  (SIG_UPDATE)  and  correla- 
tion coefficients  (COV_CQR_UPDATE)  shall  be  stored  in  special  locations: 

SIG_UPDATE  s BUFFERJS 

C0V_C0R_UPDATE  = BUFFER_C 

and  the  0P_C0DE  shall  be  nulled. 

0P_C0DE  = 0000000 

B.  Interface  Requirements .-  The  input  and  output  required  for  covariance  matrix 
parameters  uplink  can  be  found  in  table  4. 9. 5-2. 

C.  Processing  Requirements Changes  to  3IG_UPDATE  and  00V_C0R_UPDATE  will  be 
made  each  time  the  r -variance  matrix  parameters  uplink  is  performed. 

D.  Constraints.-  The  user  shall  perform  the  covariance  matrix  uplink  prior  to 
the  state  vector  uplink  when  rendezvous  navigation  is  active  and  it  is 
desired  that  the  uplinked  covariance  matrix  parameters  be  incorporated  along 
with  an  uplinked  state  vector. 

E.  Supplementary  Information.-  A suggested  implementation  of  the  covariance 

matrix  parameters  uplink  in  the  form  of  a detailed  flowchart  (C0V_MATRIX_ 
PARAM__UPLINK)  is  presented  In  Appendix  P.  •” 


w 

* 


* * 
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TABLE  4.9 .5-2—  COVARIANCE  MATRIX  UPLINK  INPOT/OUTPUT 


Variable  Name 


Input  Source 


BUFFBRJ5 


GROUND  UPLINK 
PROCESSOR 


Output  Destination 


BUFFER_C 


GROUND  UPLINK 
PROCESSOR 


SICJJPDATE 


COVINIT  UVW 


OOV_COR_UPD  ATE 


COVINIT  UVW 
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4.9.6  Land lng/TA CAN  Site  Table  Uplink  Processing 

This  subseotion  provides  the  software  requirements  assooiated  with  data  uplink 
to  the  landing  site  maxi-table,  the  landing  site  mini-table,  the  TACAN  site 
maxi -table,  and  the  TACAN  site  mini-table. 

A.  Detailed  Requirements.-  The  data  set  assooiated  with  the  landing  site  maxi- 
and  mini-tables  and  the  uplink  is  as  follows. 

Geodetic  latitude 
Longitude 

Runway  azimuth  with  regard  to  true  north 
Magnetic  variation 
Runway  altitude  above  ellipsoid 
MSL  altitude  above  ellipsoid 

Runway  name  identifier  (one  six  oharaoter  string  word  in  maxi/mini  tables- 
two  four  oharaoter  string  words  required  for  uplink).  In  addition,  the 
uplink  data  set  contains  a landing  site  location  number  whloh  identifies 
which  slot  in  the  landing  site  maxi -or  mini-table  is  to  be  changed. 

The  following  special  processing  is  required  upon  receipt  of  a landing  site 
uplink  as  indicated  by  a flag,  DOJLNDJSITEJJPLINK,  having  been  set  to  ON  by 
the  ground  uplink  processing  software.  The  integer,  LND_SITE_NO,  shall  be 
tested  and,  if  found  to  lie  in  the  range  1 to  18,  the  uplink  data  set  (see 
table  4. 9. 6-1)  shall  be  loaded  into  the  corresponding  slot  in  the  landing 
site  maxi- table.  If  LNDjSITEJIO  has  a value  of  19,  20  or  21,  then  the 
uplink  data  set  shall  be  loaded  into  the  primary,  secondary,  or  alternate 
table  slot,  respectively,  in  the  landing  site  mini -table.  Whenever  landing 
site  data  are  loaded  into  the  o»axi-or  mini-table,  the  MSBLS  availability 
flag  associated  with  that  runway  shall  be  reset  to  OFF.  After  the  uplinked 
data  have  been  transferred  to  the  appropriate  table  slot,  the  DO_LND_SITE_ 
UPLINK  flag  shall  be  reset  to  OFF. 

When  LND_SITE_NO  lies  outside  the  range  1 to  21,  no  data  transfer  shall 
occur . ” 

The  uplink  data  set  associated  with  the  TACAN  site  maxi-  and  mini-tables  is 
as  follows: 

Geodetic  latitude 

Longitude 

Magnetic  variation 

TACAN  altitude  above  ellipsoid 

MSL  altitude  above  ellipsoid 

TACAN  channel/mode  identifier 

TACAN  bearing  bias  (not  jtored  in  maxi  table) 

TACAN  range  biaj  (not  stored  in  maxi  table) 

In  addition,  the  TACAN  uplink  data  set  contains  a TACAN  site  location  number 
which  identities  which  slot  in  the  TACAN  site  maxi-  or  mini-table  is  to  be 
changed . 
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The  following  speoial  processing  is  required  upon  reoelpt  of  a TACAN  site 
table  uplink  as  indicated  by  a flag,  DOJTACANjSITE<JJPLINK,  having  been  set 
to  ON  by  the  ground  uplink  processing  software.  The  integer , TAC_SITE_NO, 
shall  be  tested  and,  if  found  to  lie  In  the  range  1 to  50,  the  uplink  data 
set  (see  table  4. 9. 6-2)  shall  be  loaded  into  the  corresponding  slot  in  the 
TACAN  site  maxi-table.  If  TAC_SITE_N0  lies  in  the  range  51  to  60,  the 
uplink  data  shall  be  loaded  into  the  TACAN  site  mini-table  slot 
corresponding  to  TACjSITEJtO  minus  50.  Finally  the  D0_TA CANJS ITE_UP LINK 
flag  shall  be  reset  to  OF?. 

If  TAC_SITE_N0  lies  outside  the  range  1 to  60,  no  data  transfer  shall  ocour. 

B.  Interface  Requirements.-  The  input  and  output  require  .runts  for  this  sub- 
funotlon  are  listed  in  tables  4. 9. 6-3  and  4.9 .6-4,  respectively. 

C.  Processing  Requirements.-  To  be  exeouted  on  demand  and  provided  with 
required  input  data.  If  the  uplink  data  words  *re  in  units  other  than 
radians  for  angles  and  feet  for  lengths,  onboard  conversion  to  these  units 
are  required  before  storing  into  maxi  or  mini  tables. 

0.  Constraints.-  The  task  of  setting  up  the  uplink  buffer  data  sets  and  the 
uplink  data  availability  flags  (DO_LND_SITB_UPLINK,  DOJTACJSITBJBPLINK)  is 
assumed  to  have  been  performed  by  sbme~upllnk  interface  software  prior  to  ex- 
ecution of  the  processing  Identified  in  this  section.  The  data  availability 
flags  are  to  be  reset  to  OFF  to  prevent  re-execution  of  this  software. 

E.  Supplementary  Information .-  A suggested  implementation,  in  the  form  of 
detailed  flowcharts,  can  be  found  in  Appendix  F. 

LANDING_SITE_MAXI_MINI_UP  LINK 

TACAN  SITE  MAXI  MINI  UPLINK 


i 
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TABLE  4. 9. 6-1.-  LANDING  SITE  UPLINK  DATA  FORMAT 


1 

I 

1 

1 Command 

1 

I Data 

ee 

Name 

1 Description 

“l  Word 

1 Type 

Units 

LNDJSITEJIO 

1 

1 Landing  site  table  slot 
! (1  to  18  - maxi, 

1 19  to  21  - mini) 

1 

1 

i cwi 

i 

i 

i 

! CW2* 
I 

t CW3* 
1 
1 

I CW4 
! 

t CW5 
1 

( CW6 
J 
1 

f CW7 
f 

1 CW8 
! 

1 

1 CW9 

I 

! 

1 

! I 
1 

1 

ft 

RUNWAY_NAME_UL 

I 

1 Runway  name  identifier 

I 

I 

1 c 
1 

SPAREJUL 

1 Runway  name  identifier- 
! plus  fill 
1 

! C 
! 
a 

- 

RW_LAT_UL 

I 

1 Runway  geodetic  latitude 
1 

! SF 
( 

rad 

RW_L0N_UL 

1 Runway  longitude 
1 

! SF 

I 

rad 

RW_AZIMUTH_UL 

I 

( Runway  azimuth  measured 
! from  true  north 

I 

! SF 
! 

| 

rad 

RW_MAG_VAR_UL 

I 

! Runway  magnetio  variation 
1 

1 SF 

ft 

rad 

RUNWAY_ALT_UL 

! Runway  altitude  above 
1 reference  ellipsoid 

a 

! SF 

1 

a 

ft 

RW_DELH_UL 

I 

! Altitude  of  mean  sea  level 
! above  ellipsoid  at  runway 
! 

! SF 
1 
! 

ft 

*CW2  contains  a four  character  string  word. 

CW3  contains  ono  additional  character,  left  justified. 

These  are  constructed  to  fora  a five  string  oharacter  word  for  storing  (i.e., 
four  characters  in  CW2  and  the  left  most  oharacter  in  CW3  are  oomblned). 


Example: 


CW-2 
! EDW1 


! 


!_ 

stored 


CW-3 

7bbb 


, where  bbb  are  fill  characters  which 

are  ignored. 

••If  the  uplinked  data  words  are  in  units  other  than  those  shown,  onboard 
conversion  to  these  units  is  required  before  storing  into  the  maxi  or  mini 
tables. 
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TABLE  4 .9 .6-2.-  TACAN  SITE  UPLINK  DATA  FORMAT 


Uplink  Buffer  Data 

1 

(Command 

1 

1 Data 

ee 

Name 

t Description 

! Word 

!_  Type 

Units 

MAGNETIC 

VARIATIOfMJL 

1 

1 Magnetic  variation  at  TACAN 
! site 
1 

1 

! CHI 
! 

• 

1 

! SP 
I 

fl 

rad 

BIAS_TAC_BRG_UL 

e 

1 TACAN  bearing  bias 
1 

I 

! CM2 
1 

1 

1 SF 

rad 

BIAS_TAC_R_UL 

t TACAN  range  bias* 
| 

1 CM3 

! 

1 SF 

ft 

TACSITEJIO 

t TACAN  site  table  slot 

! (1  to  50  - maxi, 

1 51  to  60  - mini) 

1 

| 

t CH4 

1 

! 

1 

! 

! I 

1 

! 

■ 

TACAN_ID_UL 

1 1 

1 TACAN  channel/mode  identifier!  CM5 

• a 

1 

! I 
• 

LATITUDE 

GEODETICJJL 

! TACAN  site  geodetic  latitude 
! 

1 CV6 
I 

! SF 
I 

rad 

LOHGITUDE_EAST_UL!  TACAN  site  longitude 

_ I 

t cm 

a 

! SF 

a 

rad 

ALT  ABOVE 
ELLIPSOID_UL 

! TACAN  altitude  above 
! reference  ellipsoid 

a 

! CMS 
1 
| 

! SF 
! 

• 

ft 

MSL  ABOVE 
ELLIPSOID JJL 

1 

! Altitude  of  mean  sea  level 
! above  ellipsoid  at  TACAN 
! site 

! CW9 
! 

! 

! SF 
! 

! 

ft 

Biases  are  stored  only  In  mini  tables;  thus  CM-2  and  CW-3  are  ignored  if  maxi 
table  is  addressed. 


•i 


If  the  uplink  data  words  are  in  units  other  than  those  shown,  onboard  conver- 
sion to  these  units  is  required  before  storing  into  the  maxi  or  mini  tables. 
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TABLE  4. 9 .6-3.-  LANDXNG/TACAN  SITE  TABLE  UPLINK  INPUT 


Symbol 

1 

t 

1 

Input  Souroe 

1 

DO  LND  SITE 

1 

GROUND  UPLINK 

UPLINK" 

I 

PROCESSER 

1 

LND  SITE  NO 

i 

UPLINK 

i 

RUNWAY  NAMS  UL 

t 

UPLINK 

i 

SPARE  UL 

t 

UPLINK 

i 

RW  LAT  UL 

i 

UPLINK 

i 

RW  LON  UL 

i 

UPLINK 

i 

RW  AZIMUTH  UL 

i 

UPLINK 

i 

RW  MAG  VAR  UL 

i 

UPLINK 

! 

RUNWAY  ALT  UL 

! 

UPLINK 

! 

RW  DELH  UL 

i 

UPLINK 

! 

DO  TACAN  SITE  UPDATE 

! 

GROUND  UPLINK 

I 

PROCESSOR 

! 

TAC  SITE  NO 

! 

UPLINK 

! 

TACAN  ID  UL 

t 

UPLINK 

I 

LATITUDE  GEODETIC  UL 

1 

UPLINK 

f 

LONGITUDE  EAST  UL 

1 

UPLINK 

! 

ALT  ABOVE  ELLIPSOID  UL  ! 

UPLINK 

! 

MSL  ABOVE  ELLIPSOID  UL  ! 

UPLINK 

I 

MAGNETIC  VARIATION  UL 

UPLINK 

1 

BIAS  TAC  BRG  UL 

! 

UPLINK 

! 

BIAS  TAC  R UL 

! 

UPLINK 

1 
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TABLE  4. 9. 6-4.-  LANDING/TACAH  SITE  TABLE  UPLINK  OUTPUT 


I ‘ 

I 
I 
I 
I 

I DO  LND_SITS 

I UPLINK 

I 

i 

I 

! 

! RW  LAT  PSL 
! 

! RW  LON  PSL 
I 

! RW  AZIMUTH  PSL 
I 

! RUNWAY  ALT  PSL 
I 

I RWJJELH  PSL 
I 

I RW  MAG  VAR  PSL 
! 

! MLS  AVAIL  PSL 
I 

I RUNWAYNAME  PSL 
i 

1 HW_LAT  SSL 
I 

! RW  LON  SSL 
! 

! RW  AZIMUTH  SSL 
I 

! RUNWAY_ALT  SSL 
I 

! RW  DELH_SSL 
! 

! RW_MAG  VAR_SSL 
! 

I MLS_AVAIL  SSL 
I 

I RUNWAY  NA>E_SSL 
! 

I RW_LAT  ASL 
! 

! RW  LCN_ASL 
i 


Symbol 


Output 

Destination 


LANDING  SITE 
TABUS  SPECIAL 
GROUND  UPLINK 
PROCESSING 
SOFTWARE 


Update  I -Load  parameters  in  Landing  Site  Update  principal  function 
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t 

5 

t 


TABUS  LANDING/TACAN  SITE  TABLE  UPLINK 

OUTPUT.*  Continued 


\ 

i 


Symbol 


I 
! 

! 

i 

I 

I RW  AZIMUTH  ASL 
I 

i RUNWAY  ALT  ASL 
I 

I RW  DBLH  ASL 

«N» 

I 
I 
! 

I 
I 
I 
I 

! RW  LAT 
I ~ - 
! RW  LON 
I " ” 

i RW_AZIMUTH 
I ~ 

I RUNWAY  ALT 
I “ 

1 RW  DELH 
I ” ~ 

! RW  MAO  VAR 
I “ “ 

I MLS  AVAIL 
I “ 

t DO  TACAN  SITE  UPLINK 
i 


\ 

l 

I MINI  - TABLE 
! LATITUDE  GEODETIC 
I ~ 

t LONGITUDE  EAST 
! “ 

! ALT  ABOVE  ELLIPSOID 
l " 


Output 

Destination 


RW_MAG_VAR_ASL 
RUNWAY JttMB_ASL 
RUNWAY  NAME 


TACAN  SITE 
TABLE  UPLINK 
SPECIAL  GROUND 
UPLINK 
PROCESSING 
SOFTWARE 


Update  I-Loaded  parameters  in  Landing  Site  Update  principal  function 
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TABLE  4 .9. 6-4.-  LANDZNG/TACAN  STUB  TABLE  UPLINE 
OUTPUT.-  Concluded 


Symbol 

1 Output 
t Destination 

MSL_ABOVE_ELLIPSOID 

1 

| 

MAGNETI C_VA RIAT ION 

1 • 

TAC_ID 

1 

1 • 
1 

BIAS_TACJ3RG 

I 

• 

BIAS_TAC_R 

I 

1 • 

| 

MAXI -TABLE 

1 

TACAN_ID_MAXI 

1 * 
| 

LATITUDE  GEODETIC  MAXI 
» 

I 

I * 

LONG  IT  UDE_EAST_  MAXI 

1 

• 

ALT  ABOVE  ELLIPSOID 

I 

1 • 

MAXI 

I 

a 

MSL  ABOVE  ELLIPSOID 

! 

MAXI 

i 

■ 

MAGNETIC  VARIATION 

1 

| t 

MAXI 

! 

I 

1 

t 

1 

t 

I 

l 

! 

t 

1 

1 

! 

I 

1 

1 

Update  I-Loaded  parameters  in  Landing  Site  Update  principal  function 
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4. 9. 7 Landing  Site  Selection  Parameters 

This  subsection  provides  the  requirements  associated  with  the  landing  site  selec- 
tion uplink  Which  is  contained  within  the  Deorbit  Guidance  PEG-4  and  the  Deorbit 
Guidance  PEG-7  command  uplink  loads. 

A.  Detailed  Requirements.  The  Deorbit  Guidanoe  PEG-4  and  PEG-7  command  uplinks 
each  contain  three  integer  parameters  which  represent  the  maxi  table  slot  lo- 
cations from  which  landing  site  data  is  to  be  transferred  to  the  landing 
site  mini  table  primary,  secondary  and  alternate  runway  slots.  The  uplink 
of  these  parameters  is  to  oause  the  aotlvation  of  the  Landing  Site  Update 
principal  function  (see  section  4.6)  Which  in  turn  will  accomplish  the  data 
transfer.  Since  the  Landing  Site  Update  principal  function  is  designed  to 
also  respond  to  crew  inputs  via  the  CRT  keyboard,  certain  special 
processing  is  required  to  provide  compatibility  with  these  requirements. 

In  response  to  a deorbit  guidance  uplink,  as  indicated  by  the  flag,  DO_GUID_ 
UPLINK,  having  been  set  to  ON  by  the  ground  uplink  processing  software7  the*” 
following  is  to  occur.  The  uplinked  parameters  PRI_MAXIJUL,  SEC_MAXI_UL , 
and  ALT_MAXI_UL  (see  tables  4. 9. 7-1  and  4. 9. 7-2)  are  integer  values  which 
specify~which  of  the  maxi  table  runways  are  to  be  transferred  to  the  respec- 
tive mini  table  locations.  Each  of  these  parameters  is  to  be  tested  and  the 
corresponding  Landing  Site  Update  input  parameters  set  as  follows: 

If  PRI_MAXI_UL  > 0 and  PRI_MAXI_UL  <19,  then 

set  ITEM1_IN  = ON 

P R I_MAXI_SELE CT  = PRI_MAXI_UL 

If  SEC_MAXI_UL  > 0 and  SEC_MAXI_UL  < 19,  then 

set  ITEM2_IN  = ON 

SEC_MAXI_SELECT  = SECMAXIJJL 

If  ALT_MAXI_UL  > 0 and  ALT_MAXI_UL  <19,  then 

set  ITEMBJCN  = ON 

ALT_MAXI_SELECT  = ALT_MAXI_UL 

Thus,  if  it  is  desired  to  uplink  a deorbit  guidance  target  data  set  without 
changing  part  (or  all)  of  the  mini  table  slots,  the  respective  maxi/mini 
indicators  are  uplinked  with  values  outside  the  1 to  18  range. 

If  any  of  the  "ITEM_INM  discretes  has  been  set  to  ON  by  the  above  processing, 
the  Landing  Site  Update  specialist  function  software  is  invoked  to  accomplish 
the  data  transfer.  Note  that  the  "ITEM_IN"  discretes  are  reset  to  OFF  by 
the  Landing  Site  Update  software  after  completing  the  data  transfer. 
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Finally  the  flag  DO_QUID_UPLINK  is  reset  to  Off  to  indioats  that  the  appro* 
priate  processing  has  ooourred. 

B.  Interface  Requirements . The  input  and  output  requirements  for  this 
subfunotion  are  listed  in  tables  0.9. 7-3  and  0.9*7H» * respectively. 

C.  Processing  Requirements.  To  be  executed  on  demand  and  provided  with  the 
required  input  data. 

D.  Constraints.  The  task  of  setting  up  the  uplink  buffer  data  sets  and  the 
uplink  data  availability  (leg  is  assumed  to  have  been  performed  by  uplink 
interface  software  prior  to  the  execution  of  the  processing  identified  in 
this  section. 

E.  Supplemental  Information.  A suggested  implementation,  in  the  form  of  a 
detailed  flowchart  can  be  found  in  Appendix  E, 
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TABLE  A. 9. 7-1.-  LANDING  SITE  SELECTION  UPLINK  FORMAT  (PEG  A LOAD) 


1 Name 

a t 

1 

I 

1 

( 

Description 

T 

i 

t 

i 

Command 

Word 

1 

! Data 
1 Type 
1 

T 1 

! Units  1 

1 

l 

1 

1 FBI  MAXI 

UL  1 

Runway  selection  index  for 

t 

CW-13 

1 

I 

1 — ! 

! 

maxi  table  to  primary  run- 

l 

(Bits 

17-32) 

1 

1 •**  I 

I 

way  data  transfer  ' 

l 

, 

1 

1 

i 

I 

1 r | 

i SEC  MAXI 

UL  1 

Runway  selection  index  for 

i 

CH-13 

*• 

» 

I 

maxi  table  to  secondary 

i 

(Bits 

33-A8) 

1 

I 

1 — 1 

1 

runway  data  transfer 

i 

1 

! 

* 

i 

1 

! ALT  MAH 

UL  ! 

Runway  selection  index  for 

i 

CW-1A 

t 

1 v I 

I 

maxi  table  to  alternate 

i 

(Bits 

17-32) 

I 

I 

1 — ! 

! 

runway  data  transfer 

i 

! 

! 

i 

1 

TABLE  A. 9. 7-2.-  UNDING  SITE  SELECTION  UPLINK  FORMAT  (PEG  7 LOAD) 


Description 


1 

1 

Command 

l 

Data 

i 

Word 

! Type 

! Unit 

I 

1 

1 

! 

CW-11 

! 

i 

(Bits  33-A8) 

1 

I 

! — 

1 

1 

1 

CW-12 

1 

I 

1 — 

(Bits  17-32) 

1 

! 

I 

t 

1 

1 

CW-12 

! 

I 

| — 

(Bits  33-A8) 

I 

1 

PRI  MAXI  UL 


SEC  MAXI  UL 


ALT  MAXI  UL 


i 

Runway  selection  index  for  ! CW-11 
maxi  table  to  primary  run-  t 
way  data  transfer  ! 


Runway  selection  index  for 
maxi  table  to  secondary 
runway  data  transfer 


? 

Runway  selection  index  for  I 
maxi  table  to  alternate  I 

runway  data  transfer  ! 

I 


A-3A? 
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TABLE  t. 9.7-3  — LANDING  SITE  SELECTION  UPLINK  PROCESS  DIO  INPOT 


Symbol 


PRI_MAXI_UL 

SEC_MAXI_UL 

ALT_MAXI_UL 

00  GUID  UPLINK 


Input 

Source 


UPLINK 

UPLINK 

UPLINK 

GROUND 

UPLINK 

PROCESSOR 


u 


) 


■ ) 


> 
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TABLE  4.9.7-*!.-  UNDING  SUB  SELECTION  UPLINK  PROCESSING  OUTPUT 


1 

1 

1 Symbol 
1 

! 1 

! Output  ! 

! Destination  1 

! ! 

! I I 

1 PRI  MAXI  SELECT!  Landing  Site  1 

1 

! Update  1 

1 

• 

1 (4.246)  1 

1 • 

1 SEC  MAXI  SELECT!  Landing  Site  ! 

1 

! Update  l 

! 

• 

! (4.246)  1 

1 • 

! ALT  MAXI  SELECT!  Landing  Site  ! 

! Update  ! 

I (4.246)  I 

1 • 

1 ITEM1_IN 

! Landing  Site  ! 

! Update  ! 

1 (4.246)  ! 

ft  ft 

! ITEM2.IN 

! Landing  Site  ! 

! Update  ! 

1 (4.246)  1 

ft  ft 

I ITEM3_IN 

! Landing  Site  I 

1 Update  ! 

1 (4.246)  ! 

ft  I 

1 I 

! Ground  ! 

! DO  GUID  UPLINK  ! Uplink  ! 

! Processor  ! 

I (4.246)  ! 

! ! 

! ! 

! ! 

! 1 

! 1 

1 ! 

1 1 

! ! 

1 ! 

1 ! 

! ! 

! ! 

! ! 
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4.10  COORDINATE  TRANSFORMATIONS 

Those  ten  subfunotiom  provide  the  capability  for  transforming  parameters 
specified  (or  oomputed)  in  one  ooordinate  system  to  another  ooordinate  system. 
Coordinate  system  definitions  are  provided  in  Appendix  C. 

Each  of  the  ten  subfunotions  described  in  sections  4.10.1  through  4.10.10  mgy  be 
executed  separately.  With  two  exceptions,  these  subfunotions  do  not  actually 
perform  the  ooordinate  transformation;  only  the  rotation  matrix  is  oomputed.  The 
two  exceptions  convert  between  Barth- fixed  coordinates  and  georietia  parameters. 

For  consistency,  it  is  assumed  that  all  ooordinate  systems  looated  on  the  sur- 
face of  the  Earth  are  specified  in  terms  of  geodetio  parameters  (i.e.»  geodetie 
latitude,  longitude,  and  altitude  above  the  reference  ellipsoid)  and  that  all  az- 
imuth angles  are  referenced  to  true  (not  magnetia)  north. 
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(j  “-10.1  Transformation  Prom  Aries  Mean  of  1960  to  Barth-Fixed 

The  purpose  of  this  subfunotion  is  to  provide  a transformation  matrix  (MJ60TOEF 
AT_EPOCH)  from  Arles  M50  coordinates  to  Earth- fixed  coordinates  that  account 
for” the  rotation,  nutation,  and  preoession  motion  of  the  Earth  at  a specified 
time,  TJSPOCH. 

CThls  subfunotion  is  not  part  of  the  actual  onorblt  Navigation  Software.  Its 
\ output  parameters,  M_M50TOEF_AT_EPOCH  and  their  corresponding  time,  -T_EPOCH,  are 
-■  to  bo  supplied  to  the  onorbit  Navigation  Software  via  I -Load  as  Mission-  ' 
Dependent  Parameters  (see  section  4.7  and  Appendix  C Variable  List). 

The  software  will  not  be  designed  to  preclude  any  particular  value  of  T_BPOCH, 
whether  future  or  past  except  that,  if  the  time  desired  is  in  a year  other  than 
the  one  of  the  mission's  commencement,  the  general  time  variable  is  to  be  contin- 
uous over  year-end/year-begionlng  transitions. 
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4.  3.2  Earth-Fixed  to  teO  (SARTHLFIXBD-TO-ffiOLOQORP) 

The  purpose  of  this  subfunotion  is  to  propagate  the  matrix  MJ<>OTOEF_ATJS?OCH 
from  the  last  epoch  time  to  the  tine  of  interest.  This  propagation  aooounts  for 
the  Barth's  daily  rotation  effects  only.  (The  nutation  and  precession  computa- 
tions are  lengthy.) 

The  Barth-fixed  coordinate  frame  of  the  time  of  interest  is  rotated  about  Its 
Z-exia  to  obtain  the  Earth-fixed  ooordinate  frame  of  the  time  of  the  M_M>OTOBF_ 
ATJBPOCH  matrix.  The  angle  of  rotation  is  the  product  of  the  Barth's  mean  *" 
rotational  rate  relative  to  the  mean  of  data  system  and  the  difference  between  ' 
the  matrix's  time  tsg  and  the  time  of  Interest.  A matrix  that  represents  this 
Z-axls  rotation  la  oaloulated.  The  matrix  that  represents  the  transformation 
from  the  Earth-fixed  frame  of  the  last  epoch  time  to  the  mean  of  1950  frame  is 
the  M_M50T0EF_AT  EPOCH  matrix's  transpose . Then  the  desired  Earth-fixed  to  mean 
of  1 950  matrix  is  the  produot  of  the  transpose  of  the  M_M50TOEP  AT  EPOCH  matrix 
postmultiplied  by  the  Z-axis  rotation  matrix.  ” 

A.  Detailed  Requirements.  This  funotion  is  designated  in  calling  routines  as 
BARTH_FIXED_TO_M>0_COORD(  TIME ) 

where  TIMS  — time  of  interest  measured  from  the  beginning  of  the  particular 
mission  year 

EART  H_F I XED_TO_M5 0_C00RD  — Earth  fixed  to  mean  of  1950  ooordinate 

transformation  matrix  of  the  time  of 
Interest 

The  following  steps  shall  be  performed  (in  the  order  indioated): 

1.  The  time  difference  from  the  epoch  time  to  the  current  time  is 
calculated: 

DBLT  * TIME  - T_EPOCH 

(T_EPOCH  is  the  epoch  time). 

2.  The  angle  of  rotation  about  the  Earth- fixed  Z-axis  is  obtained. 

LAM  * Eft  RTH_ RATE  DBLT 

3.  The  Earth-fixed  Z^xis  rotation  matrix  is  then  defined: 


Zoos  (LAM) 

-sin  (LAM) 

o\ 

M = 

(sin  (LAM) 

COS  (LAM) 

0 ) 

F9 

\ 0 

0 

1/ 

F9  This  equation  shall  be  protected  against  return  value  of  sine  or  cosine  with 
magnitude  greater  then  unity  (Reference  3.6-9). 


! 

\ 

f 
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\ 
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II 
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M.  The  Earth- fixed  to  naan  of  1950  ooordlnate  transformation  matrix  la  then 
computed  as  follows: 

EARTH_F2C8D_T0_160_C00RD  > M_160T0BF_AT_  EPOCH7  M 

Beoauae  of  the  sparseness  of  the  matrix  M,  both  oone  and  execution  time 
will  be  conserved  fay  use  of  the  following  formulation:  For  notatlonal 
convenience,  let  N denote  the  matrix  MiJ60T0EF_AT_BPOCH.  The  sine  and 
cosine  of  LAM  will  be  oomputed  onoe  and  denoted  fay  CLAM  * COS  (LAM)  and 
SLAM  > SIN  (LAM).  Then  BARTH_FXXBDJ0J50_a)0RD  will  be  oomputed  aa 
follows: 

EARTH_FIXED_TO_M50_C00IC1  f , a N1?1  CLAM  ♦ N2j  SLAM 
BARTH_FIXED_TOJ60_C00RD1(2  a -N1(1  SLAM  ♦ N2,1  CLAM 
BARTH_FIXED_TO_W0_C00RD1t3  a N3f1 
EARTH_FIXED_TO_fCO_COORD2( , = N1(2  CUM  ♦ N2,2  S'*14 
EARTH_FIXBD_TOjeO_COORD2|2  » -N1f2  SLAM  ♦ N2>2  CLAM 
EARTH_FIXED_TO_M50_COORD2  ( 3 a N3t2 
EARTH_FIXED_T0_M50_C00RD3  f i a N1f3  CLAM  ♦ N2|3  SLAM 
EARTH_FIXED_T0_h60_C00RD3 f 2 = -N1(3  SLAM  ♦ N2(3  CUM 
EARTH_FI  XED_TO_M50_OOORD3  f 3 a N3>3 

B.  Interface  Requirements.  The  input  and  output  data  are  shown  in  table 
IT.  16. 2. 

C.  Processing  Requirements.  This  function  say  be  executed  as  needed.  The  time 
TWM)  at  which  the  output  transformation  matrix  ( EA RTH_F I XED_T0i _M5 0__C00RD ) 
la  desired  must  be  supplied  by  the  user  in  elapsed  seconds  from  the  beginning 
of  the  year  of  mission  commencement. 

A valid  M_M50T0EF_AT_EP0CH  must  be  available  before  this  subfunotion  can  be 
executed.- 

D.  Constraints.  None 

E.  Supplementary  Information.  The  Aries  mean  of  1950  and  the  Barth-fixed  coor- 
dinate systems  are  shown  in  Appendix  C.  A suggested  implementation  in  the 
form  of  a detailed  flowchart  may  be  found  in  Appendix  C under  the  name: 

EARTH_FIXED_T0J60_C00RD  FUNCTION 
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TABLE  4.10.2.-  EARTH_FIXED_T0_M50_C00RD  FUNCTION  INPUT /OUTPUT 


Inlist/Outliat  1 ! 

Internal 

Name 

1 

I 

External 

Name 

! Input  Bourne  ! Output  Destination 

t t 

rate 

I 

I 

• 

T 

f f 

!ACCBL_ONORBIT  FUNCTION I 
1*  **  | 

TIME 

I 

1 

1 

T_STATE 

ION ORB IT  USER  PARAMETER! 
1 CALCULATIONS  ! 

* * 


* 
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TABLE  4.10.2..  EARTH  FIXED  TO  (60  COORD  FUNCTION 
INPUT /OUTPUT  .-** Coneladed 


JL 


! Variable  Name 

I 

1 Input  Souroe 

1 

I 

1 Output  Destination 
1 

!EARTH_RATE 

1 

I** 

!M_M50TOEF_AT_EPOCH 

I 

!** 

1 

!T_EP0CH 

I 

|«« 

• 

1 

It 

i 

i 

! 

i 

1 ACCEL  ONORBIT  FUNCTION, 
I0N0RBIT  USER  PARAMETER 

1 * 

1 

1 

! 

! 

1 

! 

< 

(CALCULATIONS 

1 

l 

1 

1 

1 

! 

1 

t 

! 

1 »> 

1 * 

1 

i 

1 

1 

1 

! 

I 

1 

(• 

! 

1 

1 

1 

! 

t 

i 

1 

1 

1 

1 

! 

1 

1 

I 

I 

1 

1 

! 

tOnly  the  values  of  EARTH_FIXED_TO_M50_CO0RD's  elements  are  passed  to  output 
destination. 

••Initialization  parameters,  see  section  4.7 
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4.10.3  Geodetlo  to  Earth-Fixed  (GBODETI 0JT0.BF) 

This  submodule  aooepts  the  geodetlo  parameters  of  a point  and  oomputes  the 
Barth-fixed  Cartesian  coordinates  of  that  point. 

A.  Detailed  Requirements . This  funotlon  is  addressed  in  oalling  modules  as 
GBODETI C_TO_EF( LAT_GE0D ,L0N  ,ALT) 

This  funotlon  is  referred  to  Internally  as 


GBODETI CjrO_EF(LAT_GEOD, LON, ALT)  * R _EF 


where  ALT 

LAT_GE0D 
LON 
R EF 


— altitude  above  reference  ellipsoid  of  point  of 
interest 

— geodetlo  latitude  of  point  of  interest 

— longitude  of  point  of  interest 

— Earth-fixed  position  vector  of  point  of  Interest 


These  equations  shall  transform  the  geodetic  parameters  to  Earth-fixed 
coordinates : 


R EFi  = 

~ L1 


EARTH_RADIUS_EQUATOR 


(cos2(LAT  GEOD)  ♦ (1  - ELLIPT)2  sin  *(LAT  GE0D))1/2 

cos  (LAT  GEOD)  qos  (LON) 


.+  ALT 


n, 

F9,  F4 


R_EF2  = 


EARTH-RADIUS-EQUATOR 


(cos2(LAT  GEOD)  + ( 1 - ELLIPT)2  sin  2(LAT  GEOD))^ 

oos  (LAT  GEOD)  sin  (LON) 


+ ALT 


F3. 

F9,  F4 


R_S?3 


< 


(1  - ELLIPT)2EARTH-PADIUS_EQUATOR 


(cos2(LAT  GEOD)  ♦ (1  - ELLIPT)2  sin  2(LAT  GEOD)) 1/2 

sin  (LAT  GEOD) 


+ ALT 


F3, 

F9,  F4 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 
F9  This  equation  shall  be  protected  against  return  value  of  sine  or  ooslne 
with  magnitude  greater  than  unity  (Reference  3.6-9). 

F4  This  equation  shall  be  protected  against  square  roots  of  a negative  number 
(Reference  3*6-4). 
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B.  Interface  Requirements.  The  input  and  output  data  are  shown  in  table  4.10.3* 

C.  Processing  Requirements.  The  input  angles  must  be  in  radians. 

D.  Constraints.  Hone 

E.  Supplementary  Inf onnation . The  geodetic  parameter  set  and  the  Earth-fixed 
coordinate  system  are  illustrated  in  Appendix  C.  A suggested  implementation 
in  the  fora  of  a detailed  flowchart  may  be  found  in  Appendix  C under  the 
name: 


QEODETIC  TO  EF  FUNCTION 


\ 

> 

f 

\ 

► 

f 

I 


I 

l 


\ 

l 


i 

l 

f 

I 

I 


* 

* 


t 

* 


? 


t 

i 


TABLE  4.10.3.-  QSODETIC_TO_EF  FUNCTION  INPUT/OUTPUT 


Inlist/Outllst 


Internal 

Name 

I 

1 

External 

Name 

I 

I 

Input  Source 

i Output  Destination 
l 

ALT 

t 

! 

i 

1 

I 

| 

Various  Users 

1 

1 

LATJSEGD 

I 

! 

I 

1 

I 

Various  Users 

X 

I 

• 

LON 

! 

i 

• 

X 

! 

Various  Users 

1 

I 

• 

R EF 

I 

it 

X 

I 

X 

1 Various  Users 

I 


tOnly  the  values  of  R _EF's  components  are  passed  to  output  destination. 


4-358 


79FM10 


TABLE  4.10.3.-  (EQDETICTOJSF  FUNCTION  INPUT/OUTPUT. r Conducted 


Variable  Name 


EARTHRA DIUSJ5QUAT0R 
ELLIPT 


Input  Source 


Output  Destination 


••Initialization  parameters,  see  section  4.7 
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4.10.4  Earth-Fixed  to  Topodefcio  (EF.TO-TOPDET) 

This  subfunotion  accepts  the  geodetic  latitude  and  longtitude  of  a point  in 
radians  and  oomputes  the  rotation  matrix  from  Earth- fixed  coordinates  to  a 
topodetio  coordinate  system  for  the  input  looation. 

FormulatJon:  This  subfunction  creates  the  rotation  matrix  as  an  Euler  Z,  Y se- 
quence through  the  longitude  angle  (LON)  and  the  geodetic  latitude  angle  plus  90 
degrees  (LAT_GE0D  + x/2),  respectively. 

A.  Detailed  Requirements.  Calling  modules  address  this  function  as 

EF_TO_TOPDET( LAT_GE0D , LON) 

This  function  is  referred  to  internally  as 

EF_T0_T0PDET ( LAT_GE0D , LON)  = M 

where  LAT_GE0D  — geodetic  latitude  of  point  of  interest 
LON  — longitude  of  point  of  interest 

M — desired  Earth-fixed  to  topodetic  coordinate  transforma- 

tion matrix 

The  transformation  matrix  shall  be  calculated  as  shown  here: 


M = 


(-cos  LON  sin  LATGEOD) 
(-sin  LON) 

(-cos  LON  cos  LAT  GEOD) 


(-sin  LON  sin  LAT_GE0D) 
(cos  LON) 

(-sin  LON  cos  LAT  GEOD) 


(cos  LAT_GE0D) 

0 

(-sin  LAT_GE0D)J 


F9 


B.  Interface  Requirements.  The  input  and  output  data  are  shown  in  table 
4.10.4. 

C.  Processing  Requirements.  The  input  variables  must  be  in  radians. 

D.  Constraints.  None 

E.  Supplementary  Information.  The  Earth-fixed  and  topodetic  coordinate  systems, 
and  a suggested  implementation  of  this  module  are  provided  in  Appendix  C. 

A suggested  implementation  in  the  form  of  a detailed  flowchart  may  be  found 
in  Appendix  C under  the  name: 

EF  TO  TOPDET  FUNCTION 


F9  This  equation  shall  be  protected  against  return  value  of  sine  or  cosine  with 
magnitude  greater  than  unity  (Reference  3-6-9). 
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TABLE  4.10.4.-  EF_T0_TCPDET  FUNCTION  INPUT/OUTPUT 


Inlist/Outllst 


Internal 

Name 


External 

Name 


Input  Souree 


Output  Destination 


LAT_OEOD 


LATJGEOD 


!BF_TO_  RUNWAY  FUNCTION 


LON 

N 


LON 

t 


IEF  TO  RUNWAY  FUNCTION 


[ ■ V 

!EF  TO  RUNWAY  FUNCTION 


tOnly  the  values  of  M's  elements  are  passed  to  output  destination 
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4.10.5  Earth-Fixed  to  Runway  (BF„TCLBUNHAY) 

This  aubf unction  aooepts  the  geodetio  latitude,  longitude,  and  azimuth  of  the 
runway  and  computes  the  rotation  matrix  from  the  Barth-fixed  coordinate  system 
to  the  runway  coordinate  system. 

Formulation:  The  Barth- fixed  to  topodetio  subfunotlon  is  used  to  obtain  an 
Barth- fixed  to  topodetio  rotation  matrix.  Thai  the  Barth- fixed  to  topodetio 
matrix  is  multiplied  by  an  Buler  Z rotation  matrix  through  the  runway  azimuth 
angle  (AZ),  measured  from  true  north  to  the  -t-X-axis  of  the  runway. 

A.  Detailed  Requirements.  Other  routines  designate  Mils  function  as 

«JF_T0_RUNWAY  ( LATJBQD , LCN , AZ ) 

in  which  LAT_GE0D  — runway's  geodetio  latitude 

LON"  — runway's  longitude 

AZ  ~ — runway '8  azimuth 

EF_T0_RUNWAY  — desired  Barth-fixed  to  runway  coordinate  transfor- 

mation matrix 

The  following  steps  shall  be  perfomed  (in  the  order  indicated): 

1.  The  Euler  Z rotation  matrix  is  calculated. 


M = 


(oos  AZ) 
(-sin  AZ) 
0 


(sin  AZ)  0 

(oos  AZ)  0 

0 1 


P9 


2.  The  Earth-Fixed  to  Topodetio  Function  is  called  and  its  rotation  matrix 
is  premultiplied  by  the  Euler  Z rotation  matrix  to  produce  the  Barth- 
fixed  to  runway  rotation  matrix. 

EF_T0_RUNWAY  = M EF_T0_T0PDET( LAT_GG0D , LON) 

B.  Interface  Requirements.  The  input  and  output  data  are  shown  in  table 
4.10.5. 

C.  Processing  Requirements.  Input  angles  must  be  in  radians. 

D.  Constraints.  None 


F9  This  equation  shall  be  protected  against  return  value  of  sine  or  ooslne  with 
magnitude  greater  than  unity  (Reference  3.6-9). 
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E.  Supplementary  Information.  The  Barth-fixed,  runway,  end  topodetio  coordinate 
systems  are  shown  in  Appendix  C.  A suggested  implementation  in  the  fora  of 
a detailed  flowchart  may  be  found  In  Appendix  C under  the  name: 

BP  TO  RUNWAY  FUNCTION 


o 

o 


l 

I 
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TABLE  4.10.5.-  EF_TO_  RUNWAY  FUNCTION  INPUT/OUTPUT 


Inllat/Outllst 


Internal 

Name 


External 

Name 


Input  Souroe 


Output  Destination 


AZ 

LAT  OEOD 

mm 

LON 


AZ 

LATGEOD 

LON 


EF_TO_SCANNER  FUNCTION 
EF__TO__SCANNBR  FUNCTION 
EF  TO  SCANNER  FUNCTION 
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c 


( 


o 


TABLE  4.10.5.-  EF  TO  RUNWAY  FUNCTION  INPUT /OUTPUT.-  Conoluded 


Variable  Nane 


Input  Souroe 


EF  TO  TOPDET(LAT  OECD, 
LON)  “ 


Output  Destination 


EF  TO  SCANNER  FUNCTION 


+Only  EF_TO  TOPDET'e  element  values  are  passed  from  Input  souroe,  and  only 
values  of  SFTO_RUNWAY'  b elements  are  passed  to  output  destination. 


i. 
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4.10.6  Earth-Fixed  to  Scanner  CEP 


The  purpose  of  this  aubfunotion  la  to  compute  the  rotation  matrix  from  Barth- 
fix  id  to  scanner  coordinates. 

Pomulatlon:  The  Barth- fixed  to  runway  aubfunotion  la  executed,  with  use  of  the 
geodetic  latitude  and  longitude  of  the  scanner  and  the  azimuth  of  the  scanner 
boresight  (AZ)  from  the  true  north  to  obtain  a rotation  matrix. 

The  rotation  matrix  is  then  multiplied  by  a rotation  matrix  representing  a 180- 
degree  rotation  about  the  X-axis. 

A.  Detailed  Requirements . This  function  is  designated 

EF_TO  JSCANNE  R ( LATjQBOD  ,L0H  ,AZ) 

■M 

in  calling  routines. 

t 

■*  * , 

where  LAT_0B0D  — geodetio  latitude  of  scanner 

ION  — longitude  of  scanner 

AZ  — azimuth  of  scanner  boresight 

EF_TO_SCANNEi.  — desired  Earth-fixed  to  eoanner  coordinate  trans- 
” formation  matrix 

This  step  shall  be  performed: 

The  evaluation  of  the  Barth-Fixed  to  Runway  Function  is  premultiplied  by  the 
180  degree  X-axis  rotation  matrix 


C • 

Ms  10  -1  0 I 

\0  0 -1/ 


to  obtain  the  Earth-fixed  to  soanner  rotation  matrix. 

EFJTOJSCANNER  s M EF_TO_RUNWAT( LAT_OEOD ,L(W  .AZ ) 

B.  Interface  Requirements.  The  input  and  output  data  are  given  in  table 
4.10.6. 


C.  Processing  Requirements . Input  angles  must  be  in  radians. 

D.  Constraints.  None 
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E.  Supplementary  Information.  The  scanner,  runway,  topodetio,  and  Barth-fixed 
coordinate  systems  are  shown  in  Appendix  C.  A suggested  implementation  in 
the  form  of  a detailed  flowohart  may  be  found  in  Appendix  C under  the  name: 

BP  TO  SCANNER  FUNCTION 
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TABLE  4.10.6.-  EFJTOJSCANNER  FUNCTION  INPUT/OUTPUT.-  Concluded 


t 

t 


Variable  Name 


Input  Souroe 


:EF  TO  RUNWAY  (LAT  GEOD 
LON , AZ) 


Output  Destination 


f 


Various  Users 


+0nly  the  values  of  EF_TO_RUNWAY's  elements  are  passed  from  input  source;  and 
only  the  values  of  EF_TO_SCANNER's  elements  are  passed  to  output  destination. 


4-369 


79PM10 


^ . 10.7  Transformation  From  Structural  Body  to  >60  Coordinates  (SBQDYJro_>60) 

The  transformation  matrix  from  structural  body  to  M50  coordinates  (HAT)  is 
oomputed  by  postmultiplying  the  transformation  matrix  from  body  to  M50  coordi- 
nates by  a matrix  representing  a IfiO-degree  rotation  about  the  Y-axis . 

The  transformation  from  body  to  M50  coordinates  is  the  transpose  of  the  matrix 
derived  from  the  quaternion  Q_FIFTY  BODY  by  employing  the  special  purpose  matrix 
function  QUAT_TO_MAT . 

A.  Detailed  Requirements.  This  subf unction  is  oalled  with  the  following  inter- 
nal variables  in  the  IN  LIST  and  the  OUT  LIST: 


IN  LIST:  q_FIFTY_BODY 

OUT  LIST:  MAT 


where 


Q_FIFTY_B0DY  mean  of  1950  to  body  rotation  quaternion 

MAT  desired  structural  body  to  mean  of  1950  coordinate 

transformation  matrix 

The  following  steps  shall  be  performed  (in  the  order  indicated): 

1 . The  special  purpose  matrix  function  QUAT_TO_MAT  is  called  to  obtain  a 
mean  of  1950  to  body  rotation  matrix.  ” 

MATRIX  = QUAT_TO_MAT  (Q_FIFTY_BODY) 

2.  Rotate  the  transpose  of  the  output  matrix  180°  about  the  Y-axis. 

MAT,  , = -MATRIXi  , 

MAt/2  = MATRIXg’ i 
MAT/3  = -MATRIXo^ 

MAT2’i  = -MATRIX/ 2 
MAT2’2  = MATRIX2 '2 
MAT2N  = -MATRIX3’2 
MAT 3 , = -MATRIX/ 3 
MAT3*2  = MATRIX2*3 
MAT3’3  = -MATRIX3*  3 

B.  Interface  Requirements.  Input  and  output  parameters  are  listed  in  table 

4.10.7. 

C.  Processing  Requirements.  This  subfunction  may  be  executed  as  needed. 

D.  Constraints.  None 


4-370 


79PM10 


t 

\ 

I 


I 


TABLE  4.10.7.-  SB0DY_T0_M50  INPUT/OUTPUT 


Inllst/Outllst 

t 

) 

Internal 

Name 

1 External 
1 Name 

! 

t 

Input  Source 

! Output  Destination 
! 

1 

Q_FIFTY_BODY 

1 

! 

| 

1 

t 

Various  Users 

t 

t 

1 

MAT 

1 

1 

1 

I 

1 Various  Users 

\ 

i 

! 


1 


1 


.1 


«rCV. 


) 
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TABLE  *.10.7.-  SBODY  TO  V50  INPUT /OUTPUT.-  Concluded 


Variable  Name 


1QUAT  TO  MAT  (Q  FIFTY 

bcdyT 


Input  Souroe 


Output  Destination 


tOnly  the  values  of  QUAT_TO_MAT’s  elements  are  passed  from  input  source. 


‘ t 

.i 


1 < 


i i 
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4.10.8  Conversion  of  a Quaternion  to  a Matrix  (QUAT_TQ-MftT) 

The  special  purpose  matrix  function  QUAT_TO_MAT  computes  the  transformation 

matrix,  A,  associated  with  a quaternion,  Q,  as  QOAT_TO_MAT(Q)  * A. 

A.  Detailed  Requirements.  Calling  modules  designate  this  function 
QUAT_TO_MAT(Q) 

This  function  is  referred  to  internally  as 
QtJAT_TO_MAT(Q)  « A 
where  Q - quaternion 

A - corresponding  transformation  matrix 
The  following  steps  shall  be  performed  (in  the  order  indicated). 

P2  = 02  + Q2 
P3  = Q3  + Q3 
P4  s Q4  + Q4 
P5  = P2  Q2 
P6  = P4  Qj, 

TEMP  = 1 .0  -P3  Q3 
Ai  j = TEfff  - P6 
A?  ,2  s ^ " P5  - Pb 

A3t3  = TEMP  - P5 
P5  * P2  Q3 
P6  = P4  Q1 
a1,2  = P5  - P6 
A2,i  * P5  + P6 
P5  3 P2  Qj| 

P6  a P3  Qi 
A1f3  S P5  + P6 
A3,i  3 P5  - P6 
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ps  « n Qh 
H :*  n ft( 

*2,3  * *5  - w 
• . *3  ,2  * w ♦ Pfi 

B.  Inter faoe  Reoulreaents.  Input  and  output  parameters  are  listed  in  table 

OO.  ’ 

C.  Prooeaaing  Requirements.  Mono 

D.  Constraints.  None 

E.  Supplementary  Instigation.  A suggested  implementation  in  the  form  of  a 
detailed  flowchart  oan  be  found  in  Appendix  C under  the  name: 

QUAT_TO_MAT  FUNCTION 
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TABLE  4.10.8.-  QUAT_TO_NAT  FUNCTION  INPUT/OUTPUT 
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Internal 
Nana 


Inllat/Outllat 


External 

Name 


Input  Souroe 


Output  Destination 


S 

S 

s 


S J60B0DYIMU 
$ J60B0DY_RR 
5 _FIFTY_BODY 


NAV_ONORBIT_ RENDEZVOUS 

RR_ANGLE_NAV 

SBODY  TO  160 


A 


INAV  ONORBIT  RENDEZVOUS , 
IRR  ANGLE  KA?, 

ISBSbY  TO~ H50 


t4 


■folly  values  of  A's  oomponents  are  passed  to  output  destination 
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4,10.9  Earth-Fixed  to  Geodetic  (BF_TO_CgQDBTIC) 

This  function  is  required  to  transform  a Cartesian  position  veotor  in  the 
Barth-fixed  (Greenwich)  coordinate  system  to  the  geodetlo  parameters:  geodetio 
altitude,  longitude,  and  geodetio  latitude. 

A.  Detailed  Requirements.  This  subfunetion  is  oalled  with  the  following  inter- 
nal' variables  in  the  SI  LIST  and  the  OUT  LIST: 

IN  LIST:  R _EF 

OUT  LIST:  LAT_QEOD,  LON,  ALT 

where 

R __EF  Cartesian  position  veotor 
LAT_GE0D  geodetio  latitude 
LON  geodetic  longitude 

ALT  geodetio  altitude 

The  following  steps  shall  be  performed  (in  the  order  indicated): 

1.  The  computation  for  longitude  is: 


(ILJ5F  v 

2-1  , 0 < LOM  < 2 It  P3.F7 

8 sp,; 


2.  Computations  for  geodetic  latitude,  LAT_GE0D,  and  heignt  above  the 
reference  ellipsoid,  ALT,  are  as  follows: 

2 2 
R_XY  a R_EF1  ♦ R_EF2 

. 21/2  PU 
R a (R_XY  + R_EF3) 

FlATCGN  * 1 .0  - (1 .0-ELLIPT)2,  where  ELLIPT  a flattening  of  the 

reference  ellipsoid 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 
F7  This  equation  shall  he  protected  against  arc  tangents  with  both  arguments 
equal  to  zero  (Reference  3.6-7). 

FA  This  equation  shall  be  protected  against  square  roots  of  a negative  number 
(Reference  3.6-4). 
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SIN_P  ■ B_EF3/R 
OOS_P  - (R_XY)1/2/R 
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P3,  F4 
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RAD  P e 


EARTR_RADIUS_EQUATOR 


V 10  ♦ FLATCON  SIR  P2/(1.0  - FLATCOH) 


*3, 

F4 


DEL  a 


FLATCON  SIN.P  CQS_P 
1.0  - FLATCON  CDS  P2 


F3 


DEL  LAT  a 


RAELP  DEL 


F3 


PHI  * ATAN  (SINJVCOSJ?),  -ir/2  < PHI  < tt/2 


F3» 

F7 


LATJJEOD  * PHI  ♦ DELJLAT  (in  radians) 
and 

ALT  * (R-RAD_P)  (1.0  - 0.50  DEL  DEL_LAT)  (in  feet) 

B.  Interface  Requirements.  The  input  and  output  data  are  shown  in  table 

frnrtrr 


C.  Processing  Requirements . This  subfunction  may  be  executed  on  demand. 

D.  Constraints.  None 

E.  Supplementary  Information.  The  Earth-fixed  coordinate  system  and  geodetic 
parameters  are  defined  in  Appendix  C.  A suggested  implementation  in  the 
form  of  a detailed  flowchart  may  be  found  in  Appendix  C under  the  name: 

EF  TO  GEODETIC 


F3  ^lis  equation  shall  be  protected 
t'-i  This  equation  shall  be  protected 
(Reference  3.6-4). 

F7  This  equation  shall  be  protected 
equal  to  zero  (Reference  3.6-7). 


against  division  by  zero  (Referenoe  3.6-3). 
against  square  roots  of  a negative  number 
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arc  tangents 
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TABLE  11.10.9.-  EF_T0_GE0DETIC  INPOT/OOTPUT 


1 Inliat/Outliat 

1 

I 

I Internal 
1 Hama 

1 

1 

External 

Name 

“l 

I 

Input  Source 

1 Output  Destination 
t 

I 

IR  _EF 
|"“  ** 

1 

1 

1 

1 

| 

Various  Uaera 

• 

I ALT 

1 

1 

• 

* 

I 

! 

1 

I 

1 Various  Users 

| 

| 

ILAT_GE0D 

1 

f 

| 

1 

1 

t 

I 

1 Various  Dsers 

• 

| 

I LON 

1 

I 

1 

! 

1 

1 Various  Dsers 
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TABLE  4.10.9.-  BP  TO  GEODETIC  INPUT /OUTPUT.-  Conducted 


Variable  Nane 


BARTH JU  DIUS  JSQUATOR 
BLLIPT  . 


Input  Source 


Output  Destination 


••Initialization  parameters,  see  section  4.7 


o 


f ) 


4-380 


79FM10 


4.10.10  UVW  to  WO  (UYW.T0.t60) 

The  purpose  of  this  subfunction  is  to  Maputo  the  transformation  matrix  froa  UVW 
coordinates  to  Aries  M50  coordinates,  given  the  position  and  velocity  of  the  ve- 
hicle. 

The  orientation  of  the  U,  V,  W system  is  deternlned  by  the  Orbiter  inertial  posi- 
tion and  velocity  vectors  (R,  V)  at  the  point  (or  tine)  of  interest. 

A.  Detailed  Requirements.  Users  of  tbi a function  designate  it: 

UVW_T0_M50(R,V) 

where  R — position  vector  (mean  of  1950) 

V — velocity  veotor  (mean  of  1950) 

5vw_TO_M50  — UVW  to  awn  of  1950  coordinate  transformation  matrix 

The  fo. lowing  steps  shall  be  performed  (in  the  order  indioated): 

1.  The  UVW  coordinate  frame  axes  unit  veotors  in  mean  of  1950  coordinates 
are  determined.  (2  represents  the  V-axis  unit  vector  to  avoid  oonfusion 
with  the  velocity  veotor.) 

U * r/|r|  F3 

W * (R  x V)/|  R x V|  F3 

Z « W x U 

2.  The  transformation  matrix  from  UVW  coordinates  to  Aries  mean  of  1950  is 
then  given  by 

UVW_TO_M50  s U|  Z|W 

B.  Interface  Reauirements.  The  input  and  output  data  are  given  in  table 
4.10.10. 

C.  Processing  Requirements.  All  computations  are  to  be  performed  in  double 
precision. 

D.  Constraints.  None 

E.  Supplementary  Information.  The  UVW  coordinate  system  and  the  Aries  M50  sys- 
tem are  defined  in  Appendix  C.  A suggested  implementation  in  the  fora  of  a 
detailed  flowchart  may  ue  round  in  Appendix  C under  the  name: 

UVW  TO  M50  FUNCTION 


F3  This  equation  shall  be  protected  against  division  by  zero  (Reference  3.6-3). 
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Inllat/Outllat 


Internal 


External 


Input  Source 


Output  Deatl nation 


Wane 


R 

R 

R 

V 

V 

V 


I Wane 

I 

IR  FILT 
l““  , 

!R  TV 

I 

IR 

l” 

IV  _FILT 

l~  — 

IV  TV 

r“ 

IV 


IRSMD_BIASJUTOCOVJ>ROP 

REND_BIAS_AMD_COV_PROP 

l 

U_A_BIAS_AND_COVIRIT 
I HEMD_B IAS_AND_COV_PROP 
REND_B IAS_  AND_COV_P  RO? 
U A BIAS  AMD  COVIN IT 


i 


1 

\ 


i 
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TABUS  4.10.10.-  UVW_TO_M50  FUNCTION  INPUT /OUTPUT Concluded 


Variable  Name 


Input  Source 


Output  Destination 


REND_BIAS_AND_COV_PROP , 
U A BIAS  AND  COVINIT 


tOnly  the  values  of  UVW_TO_M50's  components  are  passed  to  output  destination. 
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VARIABLES  LIST  DEFINITIONS 


G 


CODE  USED  FOR  VARIABLE  DATA  TYPE 

F:  floating  point  quantity.  An  n-dimensional  floating  point  vector  will  be 

denoted  F(n).  Similarly,  a nxm  floating  point  matrix  will  be  denoted  by 
F(n,m). 

I:  integer  quantity;  I(n)  will  denote  an  n-dimensional  integer  vector 

B:  bit,  i.e.,  data  having  only  values  of  0 or  1 

C:  character;  G(n)  will  denote  an  n-dimensional  character  string 


CODE  USED  FOR  VARIABLE  PRECISION 
D:  double  precision 

S:  single  precision;  integer  quantities  are  assumed  single  precision  unless 

otherwise  specified 


VARIABLE  LOCATION 

Compool:  Variable  value  located  in  common  storage,  accessible  by  all  functions 

Local  : Variable  is  used  by  one  function  only,  and  usable  to  other  functions 
through  call  argument  only 


VARIABLE  INITIALIZATION  CATEGORY 


blank:  display  is  vacant 

C:  constant  (unchanging) 


design  dependent 


hard  coded 


MD:  mission  dependent  (I-LOAD) 

OPS:  OPS  transition  parameter 

IV:  other  required  initial  values 


'’WOOING  PAGE  Blank 


VARIABLE  INITIAL  VALUE 

Initial  operation  sequence  computer  inputs 

VARIABLE  UPLINK  AND  DOWNLIST  STATUS  ' 

UPLINK:  variable  is  an  uplink  item 

DOWNLIST : variable  is  a downlist  item 

UNITS  DEFINITIONS 

deg:  angular  measurement,  degrees 

ft:  feet 

lb:  pounds 

n . d . : non-d  intensions  1 

rad : rad  lan 

sec:  time  measurement,  seconds 

slugs:  mass  measurement,  slugs 

vary:  units  have  different  values  which  depend  on  variable  use 


■*-*w  «• . ■ JU  V*  > »wwifj|  _ 


VARIABLES  LIST 


t 


A -7 


031inU  iOM  «WW  30W  ONia30»W 


I 

t 


'■*  - i n i mi  iiiiia— i 


Variable 
naae 
(M/S  ID) 

1 

! Preci- 
1 slcn  A 
1 type 
I 

Coapool 

or 

local 

A 

1 

! DF(5,2) 
! 

local 

ABM 

(V96U9061C-66C) 

! 

t SF(3,2) 
1 
! 

local 

ACC  MIN 

?V96U9067C) 

! 

1 I 
! 

1 

local 

APB 

! 

1 SF 

local 

11  T 

Tv90H49i*5C) 

1 SF 
! 

coapool 

ALT 

1 SF 

local 

ALT  L 

TV96U9068C) 

t SP 
1 

local 

ANGLES  A IF 
(V93J6237C) 

! 

! C 
1 

coapool 

ANGLES  A IF  DISPLAT 
(V90JI361C) 

1 

1 C 
! 

coapool 

ANGLESAIPLAST 

! C 

local 

ANGLES  ENABLE  DI3PLAT  ! I 
(V90J1A16cT  ! 

1 

1 

coapool 

Initial- 

ization 

category 


Initial 

value 


W> 


to 


HD 


IV 


(inhibit 


o 
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VARIABLES  LIST 


1 

1 

1 

I 

1 

Uplink/ 

I 

‘ . \ 

dounllst 

1 Units 
1 

1 

1 

Description 

In.d. 

fl/ft 

Ift 


do  unlist  1ft 


Ift 

I 

Ift 


! do unlist  I — 


dounllst  ! — 


Legendre  functions  array  in  gravitational  acceleration 
calculation. 


Variable  used  in  ACCBLONORBIT  ataospherio  density  code. 


Minima  nuaber  of  sequential  serin  accepted  by  tbe  residual 
edit  test  to  blank  the  display  edit  status  indicator 
(DISP  EDIT). 


Density  model  night  tins  vertical  coefficient. 
Altitude  of  tbe  Shuttle  for  dounllst. 


Altitude  above  reference  ellipsoid  used  in  ACGBLJHMSXT. 


Density  aodel  upper  bound  of  lower  layer  used  in  ACCEL. 
OH ORB IT  dreg  aodel. 


Auto/Inhi bit /Force  switch  associated  with  the  currently 
enabled  angles  data  set. 


Flag  indicating  to  display  that  the  angles  auto/ inhibit/ 
force  flag  ( AHffl^SAIF)  • has  been  acknowledged  by  navigation. 


The  last  nonforce  value  of  the  AMBLES JUP  flag. 


Positive  feedback  flag  to  tbs  display  indicating  the  angle 
set  currently  enabled. 


»*r Hio 


A*ll 


I 

i 
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1 Tar  Lab > 

! naae 

! (M/S  ID) 

! 

i 

1 Precl- 
1 slon  A 
1 type 
1 

1 

1 Goapool 
I or 

1 local 
1 

1 Initial- 
1 lzaticn 
I category 

1 

1 

1 Initial 
1 talue 
1 

1 

fB 
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1 

1 DFf  13) 
1 

I 

I caapool 
1 

t — 

1 
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IBFH 

! 

1 

1 3F 
1 

! 

I local 
1 

1 - 

! 

! 

f 

(BIAS  CD?  VAR 

f 

! 

! 3F(2) 
f 

1 

I local 
I 

1 — 

( 

1 

i 

! BIAS  I HIT 

r 

i 

1 SP(2) 
I 

1 

I local 
! 

1 — 

! 

1 

I 

(BIAS  VAR 
I” 

I 

1 SP<2) 
1 

1 

1 local 
1 

! - 

I 

1 

i 

IB  IAS  TAR  C0A3  ANGLES 
1"  <T96<8069<£70C> 

! 

( 3FC2) 
! 

1 

1 local 
1 

i n> 

1 

1 5.B-6 
1 5.E-6 

•BUS  TAR  HR  ANGLES 
! (?96U§07Tc-2C) 

I 

(BIAS  TAR  RHDOT 
I"  (T9609073C-4C) 

! SFC2) 
f 

! local 
r 

I DC 

I 3.0E-A 
1 3.0B-A 

I SP!2) 

1 

1 local 
1 

I DO 

1 711.0 

1 1.0 

(BIAS  TAR  ST  AWLS 
! (T9609075C-6C) 

I 32(2) 
1 

1 local 
1 

1 DD 

1 1.2S-6 
1 1.2B-6 

IBM 

l”  (T96090T7C-9C) 
I 

! SF<3) 
f 
1 

1 local 
1 
1 

I K> 

! 

1 

! 

1ST  I B 
1 

1C 

r 

i 

i 

i 

1 DP 

1 

I local 

1 — 

1 

I 02(9) 
1 
1 
! 

i local 
1 
I 
! 

1 C 

1 

I 

1 

VAHIABL8S  LIST 


Variable 
(M/3  ID) 


CBD1 

(V96U9067C) 

CJJD2 

( *96090860 


C8M2 

(*96090890 


(*97052810 


(*960909*0 


(*97060020 


(*97052820 


! Precl- 

( xl  on  A 
I type 
! 


(*97360100 

00«  USLET  BUS  DOT 
( *960908*  V.--50 

00*3  WGLE3  EDIT_ 

otekSide 


! 32(2) 

I 

I 

I B 
I 


Coapool 

or 

local 


coapool 


Initial* 
lzat  on 
category 


Initial 

value 


1. *0368-5 


1.37168 

-5 


0.6*592 


29527*. 7 


0.78590 


2.  *1256 


1.928*7 


I I 

I I 

Opilnfc/  t ! 

Conn  list  t (bits  I 

! 


Description 


Coefficient  used  In  KCBLJMOOBIT  ataonpharlo  density 
seasonal  latitudinal  effect. 

Cbef flclent  used  In  ACC8L_0B0HBIT  ataaepberlc  density 
seasonal  latitudinal  effect. 

Coefficient  used  In  acC8LjOMM8XT  ataoepberlc  density 
aeaaonal  latitudinal  effect. 

Coefficient  used  In  ACCEL_0aO9SIT  ataospberlo  density 
seasonal  latitudinal  effeot. 

Vehicle  drag  coefficient  used  In  aCCBLjaKMBI?  drag 
acceleration  calculation. 

Constant  used  to  aodel  drag  coefficient  used  In  SCCBL_ 


Coalne  of  solar  declination  used  in  *COL_OMOBBIT  density 
calculations.  " 

Constant  used  In  ACCBL_CB0B8tT  density  nodal. 


Constant  used  in  ACC8LJ0MBBX7  drag  coefficient  calculi  tton. 


Constant  used  in  ACC8L_0B068IT  drag  coefficient  ealeulation. 


Constant  used  In  SCC8LJN0mT  drag  coefficient  ealeulation. 


Initial  value  of  the  COAS  angle  Wee  slots  In  the  state 
vector. 

Flag  used  to  override  (OB)  the  residual  edit  test  for  the 
CDAS  eagles  data. 
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far'-abla 

! ! 
! Preai-  ! 

Coapool 

' 1 
! 

Initial- 

rvm ie 

! si  or  & ! 

or 

! 

iZfttlOR 

(H/S  ID) 

1 type  ! 

t 1 

local 

I 

f 

category 

! 


cats 

_AHOLES_ST*T 

( B 

! 

1 local 
t 

00*3 

DAT*  GOOD 

! 

r a 

! 

! oo^ool 

C?90X*B*9X)  ! 


! 


lOOtS  EM  RLE 

! B 

! ooapool 

t 



! (T93X6225X) 

| 

» 

• 

! 

■ 

! 

i 

ICO  AS  ID 

1 

i i 

X 

! CQBpOOl 

X 

! 

- - 

1 (»90Ja85«C) 

t 

t 

1 

• 

1 

1 

! 00*5  MAW  KM 

i I 

! 

t coapool 
1 
1 

i 

1 

I? 

t (fSKwafcrc) 

f 

i 

■ 

I 

< 

I 

tOOMT 

j 

! DP 
1 

f local 

f 

t 

1 

— 

icon  acc 

r 

t 3P 

» 

1 ccapcol 
! 

! 

! 

_ t 

! (T90«*9*«C) 

I 

t 

j 

! 

! 

1 

1003  LAO 

! 

1 3F 

1 

t local 

1 

1 

DO 

1 (T9609006C) 

| 

t 

1 

! 

• 

1 

■ 

I 

1 C03PSI 
| 

i s r 
i 

» DP 
t 

I 

1 local 

i 

i 

• 

- 

1 

1003  SQL  R* 
I 

1 

! ooapool 
l 

i 

i 

i 

- 

! 

100Y  ACCEL  OTH  WIT 
1“  7>»»9J0C=32C) 
1 

1 

t sr(3> 
! 

1 

t SPfT) 

l 

! ooapool 
t 

a 

i 

i 

t 

a 

— 

I0DV  COB  UPDATE 
«“  TT96lt290C-«C) 
1 

1 

1 ooapool 
! 

! 

i 

i 

i 

! 

H> 

i 

t 


I 


'I  JllWJliW 


f 


i 

j 


y*_ x‘?f«w»  g » - ■*»■»•»  .••  *-•  - -•  -.  • 
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1 


n. 


VARIABLES  LIST 


79FH10 


Variable 

! 1 
! Preci-  1 

Compool 

! 

1 Initial- 

1 

! 

! 

! 

i 

i 

1 

! 

name 

1 slon  A 1 

or 

I izatlon 

1 

Initial 

! Uplink/ 

r 

i 

(M/3  ID) 

! type  1 

1 ! 

local 

! category 
! 

1 

1 

value 

! downlist 
! 

! Units 
! 

i 

i 

Description 

IDO  COAS  ANGLES  NAV 
ILAST 

(V90W25X) 

! B 
! 

! 

1 compool 
1 
1 

IDO  COVAR  REIN  IT 
! “(V93X6233XI 

! B 
! 

! compool 
! 

IDO  FLTR  SLOW  RATE 
(V93X6235X) 

1 

1 B 
! 

! 

1 compool 
1 
1 

1 

1 DOING  FLTR  SLOW  RATE 
(V90X1365X) 

I 

! 

! B 
! 

1 

I 

1 compool 
1 
1 

1 

I DOING  MEAS  ENABLE 
(V90X1417X) 

1 

! 

! B 
t 
! 

I 

I compool 
1 
1 

I 

t DOING  PWRD  FLT  NAV 
! (V90X1289X) 

! 

1 

! B 
! 

! 

I 

1 compool 
1 
I 

i 

(DOING  REND  NAV 
1 (V90X4765X) 
1 

i 

1 B 
! 

1 

1 

1 compool 

i 

1 

1 

ID  0MB 
1 ~ 

! 

! DP 
! 

! 

! local 
! 

1 

IDO  ORB  TO  TOT 
1 "(V93X6215I) 
1 
1 
1 

i 

1 B 
1 
I 
1 
1 

i 

1 compool 
1 
1 
1 
l 

IV 


IV 


IV 


IV 


IV 


CM 


ON 


OFF 


OPF 


CFF 


downllst . 


downlist 


downllst 


downllst 


ft2/see 


On-off  swltoh  Indicating  (OH)  that  COAS  angles  data  were 
selected  for  processing  In  the  last  filter  cycle. 


Flag  Indicating  (OK)  the  performance  of  covariance  matrix 
reinitialization. 

Flag  indicating  rendezvous  filter  rate: 

ON  s slow  rate 
OFF  s fast  rate 

Flag  indicating  (ON)  rendezvous  filter  rate  is  slow,  and 
(OFF)  rendezvous  filter  rate  is  fast.  Provides  positive 
feedback  to  REL_NAV  DISPLAY , 

Flag  indicating  (ON)  measurement  data  are  being  processed 
and  (OFF)  measurement  data  are  not  being  processed. 

Provides  positive  feedback  to  RBLNAV  DISPLAT. 

Flag  indicating  (OB)  that  a powered  flight  navigation  phase 
is  currently  active  and  (OFF)  a non powered  flight  nav  phase 
is  active . Provides  positive  feedback  to  RBL_HAV  DISPLAT. 

Flag  indicating  (ON)  a rendezvous  navigation  phase  is  active 
and  (OFF)  a non-rendezvous  navigation  phase  is  active. 
Provides  positive  feed beck  to  REL_NAV  DISPLAT. 

Dot  product  of  position  and  velocity  vectors  for  transition 
matrix  computation  and  P and  G series. 

Flag  indicating  (ON)  state  vector  transfer  (TOT  e ORB). 


A-18 


7<<nno 


VARIABLES  LIST 


j 1 

! 1 

Uplink/  ) J 

downlist  ! Unit*  J 


downlist 


downlist 


downlist 


Description 


! Flag  indicating  (Ok)  thatdata  here  t*n  uplinked  for 
[ Orhlter  state  vector  update. 

«.>  »*-  "•*"  ““ 
i been  selected  for  processing. 

1 /nut  rendezvous  radar  angles  data  were 

l Flag  IndlctJigW®)  * In^Selast  filter  cycle. 

! selected  for  processing  In  tne  tasv 

! 5«  ^ 

! cycle. 

2>*tch  indicting  (Ok)  that  star  teeter  angle  data  have 
1 been  selected  for  processing. 

! m.  «•>  <z  'SZtSZ'V?  "" 

I selected  for  preoeselng  in  the  last 
I PUg  indicting  (Ok)  Cate  vector  teefer  (0®  - 

j Flag  indicating  (Ok)  that  data  have  been  uplinked  for 
I target  state  vector  <g)Cte. 


ft/ see' 


Drag  of  Shuttle  for  docllst. 


L ! <*'•  “ rw“  “ "cW- 

! * 

t * — 


1 

^ y 


^ 


o 


VARIABLES  LIST 


! Variable 

! naae 

'K/S  ID) 

! Preci- 
! 3 ion  4 
! typ« 

! 

! Compool 
! or  ! 

1 local 
1 

Initial- 

ization 

category 

DT  MAV  STATE  PROP 

| 

! SP 

l 

! compool  i 

DD 

-(V93U8683C; 

» 

! 1 

DT_3TEF 

! 

! DP 
1 

! 

1 local 
] 

— 

D_7W0 

! DP 

■ 

1 local 

| 

— 

w_oov 

! 

! 3F'  l ; 

! 1 
1 ooapool 

— 

'.  »90L«772C,  B91C, 
»92C) 

W PIL7 

"(V90LS953C  -55C 1 


( V90W006C 
VJ0US011C 
V90W026C 
V9OIM0A5C 
*9004004 C 
V90W0O3C 
•9004103C 
V9004122C 
*9004 141 C 
V9OU4  10OC 
V9004179C 
V90U4ly0C 
VWU4202C 
V90U4218C 
V90U4237C 


SPf  3) 

DP! 13, 13) 


local 

coapool 


Initial 

value 


Dpi  Ink/ 
downllat 


ft2/aec 


ft3 /see2 


Description 

Qnorblt/rendezvous  nav  state  vector  propagation  rate. 

Integration  step  size  for  prediction  or  propagation. 

Dot  product  of  the  position  and  velocity  vectors  for  the 
transition  matrix  computation  and  F snd  5 series. 

Change  In  velocity  since  the  last  COT  propagation. 


Differences  between  accumulated  sensed  IMD  readings  on  the 
present  cycle  and  the  previous  cycle  060). 

Input  change  in  velocity  used  In  S0PE8_G  integrator. 

Filter  covariance  matrix. 


Gravitational  constant  of  the  Earth. 


A-20 


79FM10 


VARIABLES  LIST 


1 Variable 

1 

! Preci- 

1 

1 Compool 

I 

1 

Initial- 

! 

1 

1 ! 

1 1 

i 

• 

! naae 

! sion  A 

! or 

1 

lzatlcn 

1 

Initial 

! Uplink/  1 

i 

1 (M/S  ID) 

1 type 
! 

t local 

r 

1 

1 

category 

1 

I 

value 

t downllst  1 Units  1 
1 1 1 

Description 

!BARTH_POLS 

! 

1 DF(  3) 

i 

1 compool 

! 

1 

c 

! 

1 

— 

! 1 

i 

i 

Unit  vector  in  direction  of  Earth’s  axis  of  rotation. 

! EARTHRA  DXU3_EOOATOR 

! DF 

! compool 

i 

C 

! 

- 

i — ift 

i 

Barth’s  equatorial  radius. 

! EARTH  RADIOS  GRAV 

! DF 

1 local 

i 

c 

! 

i — ift 

« 

Barth’s  radius  used  for  gravitational  accelerations  in 

1 

! 

i 

1 

i i 

• 

ACCEL_ONORBtT. 

I EARTHRATE 

! OF 

1 CO (pool 

1 

c 

1 

— 

1 — Irad/seo  1 

Barth’s  angular  rotation  rate. 

! EBCJOPY 

! DF( 13) 

I local 

f 

- 

! 

- 

! — Ivary  ! 

Covariance  matrix  tlaee  the  partlals  vector. 

! EDI  T_  FLAG 

1 C 

! compool 

i 

— 

i 

— 

i — i— 

i 

Five  valued  flag  used  to  indicate  the  status  of  the  sensor 

IELLIPT 

1 

1 DF 

1 1 

1 compool  1 
1 1 

C 

1 

( 

1 

— 

1 

1 

) 

1 

! Barth’s  elllptlolty  constant. 
1 

! EPS  TIME 
I TV96U9I15C) 

! SF 
I 

1 

1 local  1 

1 1 

■ f 

CD 

1 

I 

t 

.01 

1 

• 

fsec 

! 

i 

I Minimum  tins  separation  for  state  vector  Interpolation. 
1 
• 

3BRR 

I 

1 DP 
1 
• 

1 I 

I local  1 

f 1 

f t 

— 

I 

1 

1 

1 

— 

I 

1 

• 

i 

1 rad 
1 
1 

1 

I Auxiliary  variable  used  In  F and  0 series  (conic  solution) 
1 calculations. 

! EVENT  El 
1 (V90X816AX) 

I 

! B 
I 
• 

! co spool  f 
1 1 
f 1 

IV 

I 

! 

! 

i 

OFF 

1 

1 downllst 
1 
< 

I 

I 

f 

1 OPS  3 to  MM2  01 
1 
| 

(EVENT  60 
1 (V90X8189X) 

I 

I B 
1 

I 8 

1 compool  1 
! 1 

IV 

i 

i 

i 

OFF 

I downllst 
1 

1 

1 

1 W106  to  MM201 
1 

nt  processing: 

OFF  - not  suitable  for  processing 
OH  - edited  by  the  residual  edit  teat 
STAT  - processed  for  statistical  display  only 
PROCESSED  - processed  normally 

FORCED  _ processed  through  force  command 
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rr* 


1 

! Variable 

1 

i Preci- 

I 

1 Goapool 

1 

1 

Initial- 

!  naae 

1 alcn  A 

I or 

1 

ization 

Initial 

! (M/S  IS) 

1 

I type 
t 

1 local 
! 

1 

I 

category 

value 

1 

IFILT  UPDATE 

! 

t B 

! 

I coo pool 

1 

I 

IV 

OFF 

1 (V90X0224X) 

1 

1 

I 

» 

! 

t 

! 

!PM1 

! 

!P1j 

t DF 

1 local 
1 

1 

■ 

— 

— 

! 

! 

i 

1 

1 

!P2 1 

! DF 

1 local 

! 



— 

!F3( 

t 

1 

! 

tFH) 

1 

! 

! 

t 

t 

1 

! 

!G 

1 DF 
| 

! local 
| 

I 

■ 

— 

— 

!Q 

! DF(3) 
I 

1 

1 local 

1 

! 

__ 

r 

! 

! 

10  CEOTRAL 
!-  ” 

10DI 

i DF(  3) 

• 

l cospool 

1 

1 

■ 

— 

— 

! SF 

1 local 

3 

I 



i 

! 

! 

! 

1 

! 

l 

I 

IGDIE 

1 (V96U9 1 160 

1 

I0DH1 

| 

! SF 
! 

• 

! local 
1 
1 

l 

i 

■ 

DO 

1.375 

! DF 
| 

! local 
■ 

I 

i 

« 

— 

— 

1GD0T 

! DF 

* 

1 local 

3 

1 

__ 

1 

! 

1 

l 

!G  IKT 
| ~ 

! DP(  3) 
! 

1 

1 local 
1 

! 

I 

— 

— 

« 

» 

J 

too 

1 I 

! local 

1 

— 

« 

! 

! 

I 

! 

! 

1 

! 

KM  DEG 

1 I 

I cospool 

1 

00 

4 

I (V96U9117C) 

t 

! 

! 

1 

! 

1 

! 

79PM10 
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i 

t 


Variable 

! 

! 

Preel- 

! 

{ 

Ccapool 

f 

! 

Initial- 

I 

! 

naae 

i 

slan  A 

! 

or 

! 

lzatlon 

t 

Initial 

(M/3  ID) 

1 

t 

type 

! 

f 

local 

1 

1 

category 

? 

f 

value 

■CM  DEC  LOW 
! (V9EU911BC) 

1 

( i 
i 
! 

1 coopool  ! 
! ! 
1 ! 

DO 

! 

1 

( 

2 

! 

!«DP 

l (V9*J  39750 
t 

! 

1 I 

f 

! 

! 1 

1 conpool  I 
! I 

1 1 

- 

1 

! 

1 

! 

- 

f 

fGHD 

! 

1 

( I 
! 

! t 

I local  ! 
1 ! 

— 

I 

1 

! 

- 

! 

ICKJP 

f (WJ3963C) 
t 

! 

I 1 
! 

! > 

! coopool  1 
! 1 

— 

! 

I 

! 

— 

!GH  ORD 

! “(V96U9119C) 

I I 
! 

1 ccapool  1 
! 1 

DO 

1 

1 

2 

!GM  ORD  LOW 
! “(V96U9120C) 
! 

! I 
! 

! 

1 coopool  1 
I 1 
1 ( 

ED 

! 

( 

! 

0 

t 

ro  HEW 

!”  ( V90U49^0C-42C) 

j 

! 

! DP(3) 

! 

1 I 

1 co spool  t 
! 1 

- 

I 

! 

f 

— 

(GO 

1 

! SP 
! 

! coopool  t 
t ! 

C 

f 

! 

— 

! 

!G  ONE 

1 

! DF(3> 

1 I 

1 local  ( 

— 

( 

i 

— 

JG  _OUT 

1 Df<3) 

1 local  ! 

— 

! 

— 

IG  TV 

"‘(V90L4961C-63C) 

1 

I 

t DPC3) 
1 
1 
I 

I coopool  1 
1 1 

( 1 

I 1 

! 

! 

1 

t 

j 


VARIABLES  LIST 


79FM10 


Uplink/ 

downllst 


do unlist 


do uni 1st 


Chits 


ft/see2 


ft/sec/ 

e 


ft /sec 


ft/sec2 


ft/ seo 


Description 


Lowest  degree  of  potential  acdel  In  calls  to  the  acceler- 
ation function;  used  for  sensed  velocity,  power el  flight 
integration . 


flag  indicating  the  degree  of  gravltlonal  potential  oodcl 
for  prediction. 


Flag  indicating  order  of  gravltlonal  potential  model  to  be 
used  in  ACCEL  0*0 KB IT. 


Flag  indicating  the  order  of  the  gravltlonal  potential  aodell 
to  be  used  for  prediction.  1 


Flag  indicating  the  order  of  the  gravitational  potential 
model . ! 


I 


Lowest  order  of  potential  nodel  In  calls  to  the  accelerations 
function;  used  for  sensed  velocity  powered  flight  ' 
integration.  t 


Orblter  acceleration  vector  (M50). 


Earth  gravity  acceleration  constant. 


Acceleration  vector  In  transition  aatrl*  calculi* ion. 
Acceleration  vector  used  In  3UPER_C. 

Target  vehicle  acceleration  vector  (H50) . 


t I 

! Variable  i 

! naae  I 

I (M/3  lb)  ! 

I L 

I t 

IQ  TV  LIST  ! 

I _(V5B*«796C,97C.8«C)! 

I I 

IQ  TWO  I 


Preci- 
sian & 
type 


IQ  2 PPS2 

1 SP 

1 coepool 

1 

C 

! 

1 

1 

1 

tHORIZ 

I 

1 SF 
1 

1 local 
I 

1 

1 

— 

II 

1 I 

1 local 

1 

— 

1 

I 

1 

1 

I MTM 

I I 

1 local 

1 

— 

1 

I 

I 

1 

1 

1 

1 

I 

I 

1 

1 

1 

11  CTCLE 

1 I 

1 co  spool 
1 

1 

! (V90J48d9C) 

1 

t 

! 

1 ION 
1 

f B 
! 

! local 
! 

! 

! 

— 

I 

I ID  MATRIX  3X3 

! 1 
! 3F( 3,3 ) 1 local 

! 

t 

HC 

I 

1 

I 

IIDRAO 

I (V90X«950X) 

1 

I 

1 

I B 
I 
1 

1 I 

i 

• 

i 

1 coepool 
1 

i 

i 

i 

i 

i 

— 

IIOD 

1 (V90JW7C) 

I 

1 coepool 
1 
1 

i 

i 

i 

— 

1 

1 

IIOD 

I I 

1 co^>ool 

t 

— 

I (V90J«9«8C) 
1 
1 

I 

1 

i 

I 

1 

i 

Coepool 

or 

Local 


coepool 


A k 


\ 

* « 


79FHIO 


VARIABLES  LIST 


f 

1 Variable 

I 

! Preci- 

I 

1 Cospool 

1 

1 

Initial- 

1 

1 

! 

t 

1 naae 

1 slon  A 

! or 

f 

lzstloi 

Initial 

! 

Uplink/ 

1 

1 tort  ID) 

1 

* type 
t 

! local 
! 

! 

1 

category 

value 

i 

i 

do wnllst 

1 Units 
! 

i 

II  s 
! 

i 

1 SF(3) 
1 

i 

t local 
1 

1 

I 

1 

— 

- 

i 

i 

i 

- 

t 

! 

! 

(I  RHO 

! 

1 SF(3) 

1 

1 coapool 

! 

1 

_ 

_ 

! 

t 

_ 

i 

i n 

i 

I 

I 

i 

i 

i 

IIHI  RAV  ACCEL  THR83H 

1 SF 

1 coapool 
! 

i 

M> 



t 

downlist 

lalcro-g'a 

1 

TV93A6710CT 

f 

! 

t 

1 

1 

t 

i 

i 

1 

IVBVT 

! B 

1 cesspool 

i 

— 

— 

! 

— 

f assn 

1 (V90XA951X) 

! 

1 

i 

i 

1 

t 

1 

I 

i 

f 

! 

IIVH 

1 

! 3 
t 

1 local 
! 

i 

i 

— 

— 

i 

i 

— 

i 

! 

!J 

1 

I I 

I 

1 local 

i 

i 

1 

! 

_ 

i 

i 

i 

1 

i 

i 

i 

IK 

i i 

I local 

i 

— 

— 

i 

— 

1 

i 

I 

i 

i 

i 

1 KFACTOR 

1 SF 

1 coapool 
! 

i 

W 

— 

i 

uplink 

f — 

1 (V96U8173C) 

1 

i 

i 

i 

IK  RES  ID  EDIT 
1 ” (V96U9 1210 

I SF 
1 

1 local 
1 

i 

i 

DO 

225. 

i 

i 

— 

i 

IK  WD  HOT 
1 ~ (V97U5350C) 

1 SF 
I 

! local 
1 

i 

i 

DO 

0.2 

i 

i 

- 

i 

1 

1 

! 

i 

i 

i 

IL 

1 

ILOC 

1 I 

1 local 

i 

— 

— 

! 

— 

1 DF 

1 local 

i 

HD 

1 

1 (796091220 

1 

ILQS 

1 

1 

! 

f 

i 

1 DP 

1 local 

i 

— 

— 

1 

_ 

trad 

! 


79FH10 


Description 

Ron  Tee tor  of  160  to  sensor  transformation  natrlx  used  in 
angles  part La Is  calculation. 

Unit  llne-of •sight  sector. 

Crew  selected  acceleration  threshold  value  for 
Incorporating  DO  data  Into  nav. 

Temporary  value  of  venting  eodel  flag  used  In  state 

propagator. 

Flag  Indicating  activation  CD  or  deactivation  (0)  of  tne 
venting  and  RCS  uncoupled  thrusting  eodel. 

Counter. 

Counter. 

Drag  eodel  correction  factor  used  In  ACCEL  OBOBBIT  dreg 

eodel. 

Residual  edit  test  scale  factor. 

Filter  underw-lghlng  factor. 

Counter. 

Coefficient  used  la  ACCBL_0*08BCT  solar  epheeerls  eodel. 
Longitude  of  the  Sun  In  H50  coordinates. 
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VARIABLES  LIST 


thriable 

(M/SID) 


Preci- 
sion ( 

type 


IL03K1 

! OF 

! looal 

! 

HD 

t (V96U9123C) 
| 

1 

t 

! 

1 

i 

■ 

ILQ8X3 

! DP 

1 looal 

i 

i 

» 

1 <*9*0912*0 

• 

1 

■ 

1 

| 

l 

tLos  a 

! 

! V 

1 

I looal 

l 

I 

DO 

1 7V96U912SC) 

| 

X 

■ 

! 

| 

I 

! LOS  ZERO 

1 HP 

1 looal 

I 

i 

M> 

I 1*96091260 
• 

1 

• 

1 

a 

1 

a 

INMHML  BUT  OTERRITB  1 B 
! I 

I 

1 ooapool 
! 

I 

I 

i 

— 

t 

imss  DOT 

! 

1 SP 

1 

! ooapool 

! 

i 

GPS 

t (790049360 

I 

1 

• 

i 

• 

1 

IHAT 

! 

! SPC3.3) 
! 

1 

! looal 
! 

i 

1 

I 

— 

1 

INU  TIM2  TCL 

I 

! SF 

1 

! looal 

1 

1 

n> 

1 7V96U8685C) 

! 

! 

! 

! 

1 

! 

1 

! 

1 

!H_B0DYH5Q 

1 

1 

! SP(3,3> 

1 

l 

t ooapool 

! 

! 

1 



Ooapool 

CP 

local 


Initial- 

ization 

category 


Initial 

value 


1.9909865 

94E-7 


58000. 


Uplink/ 
do  uni 1st 


Units  I 
I 


Description 


( Coefficient  me  in  ACCEL  ORMBIT  solar  epbaaeris  aodel. 
I 

I 

— f Coefficient  used  in  ACCEL  0M0HBIT  solar  epbaaeris  aodel. 

I 

I 

rad/sea  f Coefficient  used  in  ACCEL  0SD8BIT  solar  epbaarls  aodel. 
I 
I 

! Coefficient  used  in  ACCEL  GWSBIT  solar  epbeaei  is  aodel. 


rad 


! 


I Copy  of  the  sanual  edit  override  flag  of  sensor  data  type 
! currently  being  processed  that  is  sent  to  the  filter. 


I 


slugs  ! Used  for  OPS  2,  8,  0 Initialization  of  current  Orbiter 


I 


I 


I tn  to  H50  tranaf oraati on  matrix  for  tba  filtered  vehicle 
I in  GOT  prop. 


I 


! Mudaua  tlse  threshold  tor  tbs  state  vector  prediction  task. 
I If  tbs  absolute  value  of  the  difference  between  ourrent 
I filter  tlae  and  tbs  state  vector  exceeds  this  threshold, 
t no  stats  vector  prediction  will  tabs  pines. 


! 


i Body  to  160  transformation  aatrix. 


afc 


i 1 


ttfiaiiesUiBiHAb 


79PK10 
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i 

| ? 
i ] 

i ! 

j ; 

79PM10  j ; 


VARIABLES  LIST  i : 


Variable 

! 

! Preci- 

I 

! 

Coopool 

! 

! 

Initial- 

! 

! 

1 

1 

i 

i 

! 

t 

rtaae 

) sion  & 

f 

or 

f 

lzaticn 

! 

Initial 

1 Uplink/ 

! 

i 

(M/S  ID) 

i type 
f 

! 

I 

local 

! 

! 

category 

1 

1 

value 

( downlist 
t 

I 

1 

Units  t 
1 

Description 

!0V  PREDICT  FAIL 
1 * (V90X4770X) 

! B 
! 

! 

i 

i 

i 

i 

i 

coopool  1 
1 
1 
1 

“ “ 

1 

1 

1 

( 

1 

1 

! 

} 

downlist 

! 

1 

■ 

1 Flag  which  indicates  that  the  tie',  threshold,  MAX_TIH2_T0L , 
1 has  been  exceeded  and  consequent 1y  no  Orblter  state  vector 
1 prediction  will  take  place. 

■ 

IPHASE  C 
1 (V96U9158C) 

! DF 

! 

i 

i 

! 

1 

• 

local  1 
! 
| 

HD 

I 

i 

t 

* 

— 

i 

l 

! 

— 

1 rad 
! 

X 

t Coefficient  used  In  ACCEL  OBORBIT  , icier  epheoeris  eodel. 
t 

f 

! PHI 

1 DF(6,9) 
1 
1 

i 

i 

t 

■ 

! 

local  f 

1 
1 

I» 

i 

t 

i 

■ 

0. 

! 

1 

1 

• 

— 

! 

ivary 

1 

X I 

1 State  transition  matrix  from  previous  filter  time  to  current’ 
t time.  1 

!PHI_BIAS 

! DF(4) 
1 
> 

I 

! 

I 

i 

local  ! 
! 
i 

— 

i 

! 

! 

— 

X 

1 

! 

• 

— 

i 

• 

X 

1 Diagonal  elements  of  the  sensor  bias  portion  of  the  state 
I transition  matrix. 

1 

X 

{ 

f 

s 

IPMMC 

1 df; 6,6 ) 
1 

i 

! 

t 

i 

local  I 
1 

— 

X 

1 

1 

— 

X 

! 

I 

- 

i 

Ivary 

i 

1 

I Patch  transition  matrix  oomputed  by  mean  conic  partlals. 

f 

I 

!PHI_PATCH 

! DP(6,6) 
f 

I 

1 

! 

| 

coopool  1 
1 
1 

— 

! 

1 

1 

— 

i 

! 

1 

- 

i 

Ivary 

! 

1 Transition  matrix  for  converting  from  time  of  measurement 
! to  current  time . 

! 

1 

! 

!PHI_UMMOD_ACC 

! DP 

t 

1 

1 

! 

! 

) 

1 

local  ! 

1 

i 

— 

I 

! 

1 

■ 

— 

X 

1 

! 

1 

— 

X 

I 

i 

f 

1 Diagonal  elements  or  the  unmodeled  acceleration  portion  of 
1 the  state  transition  matrix. 

• 

! 

f 

* 

• 

!PI 

* 

1 DP 
1 
j 

f 

! 

1 

I 

local  1 

I 
| 

c 

1 

f 

! 

» 

— 

! 

f 

! 

i 

— 

i 

! 

i 

X 

! Transcendental  constant  whl  is  the  ratio  of  the 
1 circumference  of  a circle  Its  diameter. 

1 

X 

! 

1 

IPREC  STEP  PRED 
! (V98U8726C) 

! SP 
f 

i 

! 

coopool  1 
1 

DD 

i 

i 

i 

300.0 

• 

i 

i 

— 

i 

! sec 
I 

1 

1 Integration  step  size  for  precise  prediction. 
1 

IP  RED  ORB  AREA 
! (793U5955C) 

! 

! SP 
( 

! 

1 

1 

! 

coopool  ! 

1 

- 

i 

! 

! 

— 

i 

! 

1 

downlist 

1 

!ft2 

1 

1 

t Orblter1 s cross-sectional  area  for  use  in  prediction. 
1 

1 

! 

I PRED  ORB  CD 
1 (793US954C) 

! 

f SP 
! 

1 

! 

1 

1 

coopool  1 
1 

- 

! 

I 

1 

- 

1 

1 

« 

downlist 

! 

1 

1 

1 Orblter ’s  drag  coefficient  for  use  in  prediction. 
1 

i ! 

m 


| 


4 
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VARIABLES  LIST 


Variable 

t 

1 Preei- 

! 

! 

Coapool 

! 

I Initial- 

! 

! 

1 I 

1 1 

1 

1 

naae 

! slon  A 

! 

or 

1 izaticn 

1 

Initial 

t Op  link/  1 

1 

(H/S  ID) 

1 type 
I 

1 

! 

local 

1 catagory 
J 

1 

1 

ralue 

f downl  1st  ! 
! I 

Units  1 
! 

Description 

PRED  ORB  HASS 
(V93U&953C) 

! 

t SF 
! 

! ! 

1 coupon 1 1 
t 1 

. — 

1 

! 

1 

- 

1 

! 

! 

downl 1st 

! 

1 slugs 
! 

1 

! Or  biter  Bass  used  in  prediction. 
{ 

PRED  STEP 
(¥9<W396«C) 

! 

! SP 
1 

l 1 

! oo^>ool  1 
! ! 

- 

t 

1 

1 

- 

! 

1 

! 

downl 1st 

1 

Isee 

f 

i 

1 Prediction  step  size. 

pred  step  ops  mrr 
(V96U8586C7 

! DP 
! 

! local  ! 
t ( 

CD 

1 

! 

610. 

! 

! 

— 

l sec 

| 

! 

1 Initial  predictor  step  size  used  in  OPS  2 CR  3 INITIALIZE, 
f 

PRBD_TASK_COMPLETE 

I B 
! 

! local  f 

1 1 

- 

! 

! 

— 

! 

! 

— 

I A flag,  local  to  tba  state  rector  prediction  tank, 
1 Indicating  that  the  prediction  task  Is  coaplete. 

PRED  USE 

TV90JA766CA) 

! I 
f 
! 

I coapool  1 
1 ! 
I ! 

IV 

! 

! 

f 

0 

! 

f 

! 

downllst 

! 

! 

t A flag,  having  values  0 thru  9,  which  Indicates  to  the  user 
1 of  the  state  rector  prediction  task  the  status  of  the 
! prediction  teak. 

PHRD  PLT  NAV 
(V93K5408X) 

! B 
1 

! coapool  t 
1 ! 

— 

f 

! 

— 

! 

I 

downlist 

f 

1 Flag  indicating  use  of  powered  flight  propagation  (OB)  or 
! coasting  flight  propagation  (OFF). 

0 CQAS  HORIZ 
“ (V90U4847C) 

! SP 
! 

1 coapool  ! 
! ! 

— 

f 

! 

— 

! 

I 

downllst 

! rad 
1 

1 Snapped  variable  for  the  COAS  horizontal  angle  aeasuraaeat 
! (STAR  TRCK  SOP  HAL  naae  COASJaORIZ.  M/3  ID  #T95W969C). 

Q OOAS  VERT 
(V90UA848C) 

! SF 
! 

f coapool  ? 
! 1 

— 

! 

r 

- 

1 

» 

den.  n list 

1 rad 
! 

! 

trad 

f 

! 

t 

! 

« 

» 

! 

1 Snapped  variable  for  the  COAS  vertical  angle  aeasureaent 
! (STAR  TRCK  SOP  HAL  UK  COAS  VERT,  H/S  ID  «V9SW992C). 

QJiORIZ 

1 SF 

I local  ! 

- 

i 

— 

! 

— 

1 Heaaurenent  froa  horizontal  aeasureaent  sensor. 

0 M5OB0CI  DfJ 

(V95UOS73C  -6C) 

t SF(4) 
! 
f 

! coapool  ! 
! 1 
! 1 

— 

! 

1 

1 

— 

1 

! 

! 

downllst 

! Snapped  variable  for  the  Shuttle  attitude  quaternion  at  the 
! tine  of  the  IMU  data  snap  (ORB  ATT  PROC  HAL  naae  9 BOD  H5«J, 
1 H/S  ID*  V90022H0-3C). 

Q H5OB0OT  RR 

CV90U4829C  -32C) 

f SP(H) 
f 
I 
! 

! coapool  ! 
! ! 

( ! 

f ! 

' 

l 

l 

1 

! 

" 

! 

! 

1 

1 

downllst 

i Snapped  Shuttle  attitude  quaternion  at  the  tlae  of  the 
1 rendezvous  radar  data  snap  (RR  SOP  HAL  naae  Q H50BQDI  RR, 
! H/S  ID*  V9504312-15C). 

1 

,<  A 

* ■«#,  f <.j&  ' 
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VARIABLES  LIST 


79FM10 


! 

! Variable 

1 naae 

I (M/S  ID) 

I 

( 

! Precl- 
1 sion  A 
1 type 
1 

1 

! Coopool 
1 or 
( local 
! 

! 

(Q  RR  RNG 
! ~ (V90U4895C) 

! 

! SF 
{ 

1 

1 coopool 
( 

!Q  RR  RNG  DOT 
! ~ (V90U5896C) 
! 

tQ  RR  SHFT 
t (T90U4893C) 

1 SP 
t 

1 coopool 
! 

S SF 
! 

( comp  cl 
! 

IQ  RR  THUN 
1 (V90U4894C) 

! 

iQ_ST  HDRIZ 
! (V90U4833O 

! 

( SF 
1 

( coopool 
1 

1 SF 

1 

1 

( coopool 
I 
( 

( 

!Q  ST  V8RT 

1 “ (Y90U4834C) 

! 

( 

1 SF 

1 

( 

! 

( coopool 
! 

( 

! 

!Q  VERT 

1 

( SP 

1 

( local 

!R 

t DP(3) 

( local 

! RAD  PER  DBG 
| ” “ 

! SP 

( coopool 

(RANGE  A IF 
! (V93J6241C) 

1 c 
1 

! coopool 
! 

(RANGE  A IP  DISPLAY 
! (V90J 13620 

! C 
! 

( coopool 
! 

(RANGE  AIF  LAST 
1 
! 

1 c 
! 

( 

I local 
1 
( 

Initial- 

ization 

category 


Initial 

value 


Uplink/ 

downllst 


I 

! 

1 

! Unite 
f 


Description 


downllst 

downllst 

downllst 

downllst 

downllst 

downllst 


downllst 


n 


inhibit 


Ift 

I ft/sec 
! deg 
I deg 
I rad 

I rad 

I rad 
irt 

! rad/dag 


Snapped  variable  for  the  rendezvous  radar  range  aeasureaent 
(RR  SOP  HAL  naae  RR_RANGEO , M/S  ID#  V95H4287C) . 

Snapped  variable  for  the  rendezvous  radar  range  rate 
aeasureaent  (RR  SOP  HAL  name  RRJWGRO,  M/S  ID*  V95W288C). 

Snapped  variable  for  the  rendezvous  radar  shaft  angle 
aeasureaent  (RR  SOP  HAL  name  RRROLLO,  M/S  ID  # V95M26SC). 

Snapped  variable  for  the  rendezvous  radar  trunnion  angle 
aeasureaent  (RR  SOP  HAL  nane  RH_PITCHO,  M/S  ID  f V95H4Z81C). 

Snapped  variable  for  the  star  traoker  horizontal  angle 
aeasureaent  (S7AR  TRCX  SOP  HAL  nose  H MV,  M/S  ID 

# V95H4753C) . 

Snapped  variable  for  the  star  tracker  vertical  angle 
aeasureaent  (STAR  T8CK  SOP  HAL  name  V WAV,  M/S  ID 

# V95H4754C) . 

Measureaent  froa  vertical  aeasureaent  sensor. 

Teaporary  H50  position  vector  used  in  ACCEL_ONORBIT . 

Conversion  factor  froa  degrees  to  radians. 

Auto/inhlblt/foroe  switch  associated  with  the  rendezvous 
radar  range  aeasureaent. 

Flag  indicating  to  displays  that  the  range  auto/ inhibit/ 
force  flag  has  been  processed . 

Last  value  of  BANGS  A1P. 


, *****  >»*»  ’ 


VARIABLES  LIST 


Variable 
naae 
(M/S  ID) 


Coapool 

cr 

local 


Initial- 

ization 

category 


Initial 

value 


Uplink/ 
do  ml  1st 


IBMGB  EDIT  0 VERB  IDE 
! 

I 

! RANGE  STAT 
i 
! 

(ROOT  A IF 
! (V93J62*TC> 

! 

(ROOT  A IF  DISPLAT 
! (^90/13680 

| 

! B 

f 

1 

1 local  1 

1 I 

1 1 

-- 

i 

i 

i 

i 

i 

— 

I 

1 

1 Flag  indicating  (OR)  that  the  crew  wishes  to  force 
1 rendezvous  radar  range  oeasureaent. 

| 

! 

! B 
1 
y 

1 local  1 

1 1 

1 1 

— 

I 

1 

| 

i 

i 

• 

— 

* 

t 

y 

1 Flag  indicating  (OB)  that  rendezvous  radar  range  data  is  to 
I be  processed  for  statistical  display  only. 

y 

« :i 

| | 

! C 
! 
i 

1 coapool  1 
1 t 
■ ■ 

— 

1 

t 

i 

i 

■ 

— 

J 

| 

1 Auto/inhlblt/force  switch  associated  with  the  rendezvous 
1 radar  range  rate  oeasureaent . 

1 

r :j 

t 

i 

1 c 
1 
1 

1 coapool  1 
1 1 

— 

I 

! 

• 

i 

i 

i 

• 

down  list 

I 

| 

I Flag  indicating  to  displays  that  the  range  rate  auto/inhibit! 
I /force  flag  has  been  processed.  1 

■ t 

IRDOT  AIF  LAST 

j ~ ~ 

1 

1 c 
1 

1 1 

! local  1 
1 1 

I V 

> 

! Inhibit 
1 

* 

i 

i 

- 

y 

1 Last  value  of  ROOT  AIF. 

y 

; s 

1 

(ROOT  DATA  GOOD 
t (V90M900X) 

1 

1 

(ROOT  EDIT  OVERRIDE 
! 

! 

IRDOT  STAT 

I 

I 

19  EF 
1“  “ 

IREF  ORB  AREA 
1 Tv960916OC) 

1 

1 B 
I 
1 
i 

1 coapool  1 
l 1 

1 1 

1 j 

— 

! 

\ 

• 

i 

t 

i 

• 

down  list 

! 

I 

i 

(Snapped  data  validity  flag  for  the  rendezvous  radar  range 
Irate  oeasureaent  (RR  SOP  BAL  sae  RR  RBGB  DO,  M/S  ID 
1 # V95XW99X). 

1 

! j 

1 B 
1 
■ 

I local  ! 
1 1 

; | 

— 

i 

1 

i 

! 

1 

r 

— 

i 

! 

X 

1 Flag  indicating  (OB)  that  the  crew  wishes  to  force 
1 rendezvous  radar  range  rate  seaauraaent. 

y 

* 

1 ( 

1 B 
I 
■ 

1 local  1 

1 I 

l 1 

— 

z 

f 

i 

1 

1 

i 

— 

I 

1 

i 

1 Flag  indicating  (OB)  that  rendezvous  radar  range  rate  data 
1 is  to  be  processed  for  statistical  display  only. 

( 

« 1 

i « 

1 DF(3) 
1 

1 local  ! 
1 ( 

— 

i 

1 

! 

1 

- 

I ft 
< 

I Barth  fixed  position  vector  used  in  ACCEL  OHOPBIT . 
1 ~ 

! j 

1 SF 
1 
1 

1 coapool  1 
I 1 

1 f 

DO 

! 2690. 

t 

i 

1 

1 

1 

— 

ift2 

i 

y 

I Orb iter  reference  cross  sectional  area  used  in  propagation 
I drag  calculations. 

1 

! j 

IREF  OSB  CD 
I 7V9659161C) 

1 

IREK)  HAV  I HIT  PRES 

1 SF 
I 

■ 

1 coapool  1 
1 1 
| | 

DO 

1 2.0 
1 

1 

I 

t 

— 

1 

• 

1 Orblter  reference  drag  eoefflolent. 
1 
I 

^ i 

1 B 

1 coapool  1 

n 

i 

! OPP 

i 

1 

— 

1 

X 

I Flag  indicating  prediction  task  In  progress  a e scheduled 

X •* 

• i 

Description 


by  RERD_HAV_  I KT . 


A \ 

f- 


S£-V 


Variable 

nase 

(M/3  ID; 


Ccspool 

or 

local 


Initial- 

ization 

category 


Initial 

value 


Uplink/ 

downltet 


!REJ  MAX 

! TV96U9162C) 

1 

1 

I REND  HIV  PUG 
1 CV93X&220X) 

| 

! I 
1 
1 

1 local  1 

1 1 

1 1 

DD 

! 

! 

! 

■ 

3 

1 

1 

1 

1 

1 

1 

• 

1 Mbx1«ub  number  of  sequential  narvs;  rejected  by  the  residual 
1 edit  teat,  before  3I3P_E0IT  fur  the  oorreapoodlr^ 

1 oeasursent  Is  set  to  ' 

I 

1 B 

1 

I 

» I 

I cospool  1 
1 1 

1 1 

IV 

T 

l 

I 

I 

OP? 

I 

1 

1 

1 

downllst 

I 

f 

a 

1 

1 Plag  Indicating  whether  rendezvous  navigation  (ON)  or  cn- 
1 orbit  navigation  (OPP)  Is  In  operation. 

| 

I RQOHAVPLAGLAST 

l — — — 

1 B 

! local  ! 

IV 

! 

i 

OPP 

1 

f 

— 

X 

* 

1 Last  value  of  R6ND_  NAV_PLAO . 

IRES  ID  RATIO  OLD 
1 
| 

1 3F 
1 
1 

i » 

1 co spool  ( 

! ! 

i i 

- 

i 

! 

1 

1 

— 

1 

1 

1 

1 

— 

i 

i 

i 

X 

1 Value  of  residual  ratio  fros  the  previous  cycle  for  the 
I oeasuresent  being  processed. 

1 

I8E5ID  TEST 
1 
1 
1 

1 SP 
I 
1 
t 

I local  I 
I I 

1 1 

— 

! 

t 

l 

■ 

— 

1 

1 

1 

I 

— 

I vary 
1 
1 
i 

1 3caled  value  or  the  estloated  aeasuresent  variance  for 
1 coaparislon  with  the  seasuresent  deviation  squared  in  the 

1 residual  edit  tast. 

■ 

IRES  ID  TEST  RATIO 
! 

1 

f 

f R PILT 

"(V90H0584C  -60 

» 

i*  ?ar  utrr 
! (V90H1276C  -60 

t 

I 

! SP 
! 

I 

I 

1 * 

1 CO«poOl  1 
I ! 

1 1 

1 > 

— 

! 

! 

1 

1 

t 

— 

1 

I 

I 

1 

f 

— 

i 

I 

1 

I 

1 Ratio  of  the  sagnttude  of  the  ecaac resent  residual  and  the 
1 scale  value  of  the  estlsated  aeasuresent  standard  deviation 
I to  be  used  In  the  residual  edit  test. 

I DP(3> 
! 

I 

1 1 

1 cospool  1 
I 1 

( 1 

— 

* 

f 

! 

• 

- 

I 

1 

1 

1 

— 

irt 

t 

i 

1 

1 Orb Iter  position  vector  <M50) . 

f 

1 DFC3) 
! 

( 

J J 

t cospool  S 
! ! 

t j 

CPS 

! 

t 

| 

— 

1 

1 

1 

— 

irt 

i 

t 

t Orblter  position  vector  saved  across  Savory  recoeflgurstlon 
I and  used  for  navigation  initialization. 

| 

IB  PUT  TLM 
1 "(V90WIP77C-79C) 

1 

iii  pm 

t 

i 

1 DF(3> 
1 
1 

I cospool  1 
1 1 
1 1 

— 

! 

1 

- 

1 

1 

1 

down list 

ift 

i 

i 

1 Orblter  position  vector  for  dcwnliat  (MSO). 

! DF(  3) 
! 

| 

1 local  1 
1 1 

f 1 

— 

i 

• 

i 

i 

— 

1 

1 

] 

- 

(ft 

t 

t 

1 Position  vector  at  the  end  of  a tine  interval  In  160.  Deed 
1 in  F A 0 series  and  In  SOPER  G. 

IR  PIN  mv 
i ~ _ 

J DP 
! 

I local  1 
1 I 

— 

i 

i 

— 

1 

1 

- 

ift*1 

t 

1 Reciprocal  of  the  sagnttude  of  B _PIN. 

Description 


A 
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VARIABLES  LIST 


1 

1 Variable 

Precl 

1 name 

slon  1 

1 (M/S  ID) 

type 

1 

1 

!R  pin  tw  nnr 

DP 

IR  GHD 

l“  “(V96H3500C-02C) 

DF<3) 

IRHO 

SP 

I 

JRHOPUUE 

f ’ 

SF(  3) 

ia  ih 

r _ 

i 

DP(3) 

IR  IR  INV 
I - - 
IR  IMV 

DP 

DP 

! 

IR  LAST 

l“  (V90BS782C  -AC) 

DF(3) 

1 

IRRG 

SP 

Coapool 

or 

local 


Initial- 

ization 

category 


Initial 

value 


! 

I 

Uplink/  I 
downllst  1 Units 

I 


Description 


IRHO  DATA  GOOD 
! TV90ll899I) 


I B 


local 

coapool 

local 

local 

local 

looal 

local 

coapool 

looal 

coapool 


uplink 


IRK!  DOT 

I 

I SF 

! 

! local 

I 

1 

I RUG  MU 

1 SF 

I local 

1 CV96U9 163C) 

1 

1 

1 

1 

1 BO  N 

I DP 

I local 

1 

1 

I 

1 

IR  OHS 

1 DP(3) 

1 local 

I 

1 

! 

1 

DD 


1.0 


Ift*1 
I 

Ift 
I 

— I slugs/ ft ^ 

I 

— Ift 

I 

— Ift 

I 

I . 

— Ift"1 

I 

— 11/rt 
i 

— irt 

i 

i 

— ift 
i 

downllst  I — 

I 

I 

— tft/aeo 
I 

— Ift 

I 
I 

— I ft /sec2 

I 

— Ift 

I 

I 


Duly  variable  used  In  the  call  to  PJUH>_G. 

Uplink  Orblter  position  vector  In  H50. 

Atmospheric  density  used  In  ACCEL  OkORBIT  drag  model . 

In-plane  eoaponent  of  the  line  of  sight. 

Position  vector  at  the  beginning  of  a tlae  Interval  In 
M50.  Used  in  F A 0 series  and  in  SUPEB_G. 

Reciprocal  of  the  magnitude  of  B _IH. 

Inverse  of  M50  position  used  In  ACCEL_OHOSSIT . 

Position  vector  of  the  Orblter  at  the  end  of  the  last  filter 
eyole  (M50). 

Computed  range  aeasureasnt. 

Snapped  data  validity  flag  for  range  asamiraaent  (RR  SOP  HAL 
name  RR_RHG_D0,  H/S  ID  # V95XV293X). 

Coaputed  range  rate  aeasuraaent. 

Mlnlaua  separation  between  the  Orblter  and  the  target. 


Distance  term  used  in  ACCEL  CMORBIT  gravitational  acceler- 
ation aodel. 

Position  vector  at  the  beginning  of  an  Interpolation 
Interval  (ICO). 


- • -■ 


/ 


i 


n ■ iVr’raivy 
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79FH10 

VARIABLES  LIST 


! 

I 

Variable 

! 

! Precl- 

.... 

! 

Ceapool 

1 Initial- 

i 

i 

( 

t 

1 

t 

I 

1 

! 

name 

1 alon  i 

! 

or 

1 izatlon 

i 

Initial 

1 Uplink/ 

! 

! 

I 

1 

CH/3  ID) 

I type 
1 

! 

S 

local 

? category 
t 

I 

I 

value 

! downllst 
f 

! 

! 

Units  1 
t 

Description 

! 

!R  ONE  INV 
f - ~ 

IRQ  ZERO 
t 

! 

! DP 
{ 

1 I 
I coapool  I 
1 1 

— 

! 

I 

— 

! 

f 

1 

— 

! 

i ft 
| 

l 

I Reciprocal  of  the  oagnltude  of  R ONE. 

1 DP 
1 

1 local  1 
1 1 

— 

j 

! 

— 

! 

1 

— 

i 

1 Distance  tens  in  ACCBLJ3WORBIT  gravitational  acceleration 
I model. 

IR  PRED  FINAL 
!-  “(V95H0811C  -JC) 
1 

1 DF(  3) 

1 

I coapool  1 
l 1 

— 

i 

i 

— 

i 

i 

downllst 

irt 

i 

1 Position  vector  as  output  froa  precise  state  predictor 
1 (M50). 

(R  PRED  I HIT 
! ~(V9#W002C  -«C) 
! 

!RR  ANGLE  DATA  GOOD 
! (V90X?901X) 

1 

IRE  ANGLE  HARK  HIM 
1 (V9OJA02AC7 

I DF<3) 
1 

I oeapool  I 
1 I 

— 

1 

1 

— 

t 

i 

downllst 

»ft 

i 

1 Position  vector  input  for  prediction  (M50). 
t 

! B 
1 

1 coapool  1 
1 1 

— 

i 

i 

— 

! 

! 

downllst 

I 

1 Snapped  data  validity  flag  for  the  rendezvous  radar  angles 
1 measurement  (RR  SOP  HAL  name  RR  ABC  DO.  M/S  ID  fV9$X«295X). 

1 1 

i 

1 coapool  1 
I I 

IV 

i 

i 

0 

i 

i 

downllst 

1 

1 Rendezvous  radar  angle  (shaft  plus  trunnion)  * ark  counter, 
1 

IRR  ANGLES  BIAS  I NIT 
f ”( V96U9164C-5C ) 

! 

IRR  ANGLES  EDIT 
1 OVERRIDE 

1 SF(2) 
I 

1 local  1 

1 1 

H) 

• 

! 

— 

i 

i 

— 

trad 

1 

1 Initial  value  for  the  rendezvous  radar  angles  Mas  slot  of 
I the  state  vector. 

I B 
1 

1 local  1 
1 1 

— 

! 

1 

— 

i 

i 

— 

1 

1 Flag  Indicating  (ON)  that  the  crew  wishes  to  force 
! rendezvous  radar  angles  data. 

IRR  AKLE3  ENABLE 
1 (V93X6230X) 

! B 
! 

1 coapool  1 
1 1 

— 

1 

1 

— 

i 

! 

— 

f 

1 Rendezvous  radar  angles  enable  flag. 
I 

IRR  ANGLES  3TAT 
I 
1 

IRR  DOT  BIAS  INIT 
! ( V96U9 1 66C-7C ) 

I 

IRRDOT  HARE  HUH 
1 (V9WA®5C) 

I 

! B 
I 
| 

1 local  I 
I 1 

1 1 

— 

1 

1 

| 

— 

1 

1 

| 

— 

t 

( 

■ Flag  Indicating  (ON)  that  rendezvous  radar  angles  data  1*  tv 
1 be  processed  for  statistical  display  only. 

1 SP{ 2) 
1 

1 local  I 
1 1 

! 

1 

— 

! 

! 

— 

Ift, 

Ift/seo 

1 Initial  value  for  the  rendezvous  radar  range  and  range  rate 
1 bias  slots  of  the  state  vector. 

1 I 

I 

1 

I coapool  I 
t 1 
I 1 

IV 

i 

i 

i 

0 

t 

l 

! 

downllst 

1 

I 

! Range  and  range  rate  data  nark  counter. 
! 

iu  ■... — — -»■>  - — i^f*'** 
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VARIABLES  LIST 


79HI10 


Variable 

<N/S*ID) 


Preci- 
sian i 
type 


Coapool 

or 

local 


Initial- 

ization 

category 


Initial 

value 


I 

I 

Uplink/  i 
do uni 1st  1 Units 
I 


Description 


IHRBP 

1 DP 

! local 

(V96U9I68C) 

1 

1 

1 

1 

■ 

III  RESET 

« DP(3) 

i 

1 cospool 

- ~(V9QH0235C  -70 

1 

1 

| 

1 

1 

IR  RES  ID 

l~  “ 

1 DF(3) 
! 

1 

! local 
1 

IR  RHO 
' “ 

1 

1 SP(3) 
1 

1 

I cospool 
1 

IRRHOMAO 

— 

! SF 

a 

1 coapool 
a 

R TV 

! DF(3> 

X 

1 coapool 

(V90B0307C  -90 

1 

| 

1 

A 

IR  TV  CRD 

I m3) 

* 

I coapool 

f “(V9681277C  -90 

i 

t 

1 

IR  TV  LAST 

1 DP(3) 

! 

1 coapool 

( V90H4789C  -910 

1 

» 

IR  TV  RBSBT 

I DF(3) 

i 

I cospool 

I-  “(V90B13&dC  -50 

1 

1 

I 

R TV  RES  ID 

I DP(3) 
1 

t 

1 local 
« 

IR  TV  TLM 

1 

1 DP(3> 

I 

1 coapool 

(V90W287C-89C) 

I 

1 

R jnw 

1 DP(3> 

1 local 

DD 


2.3769016 

B-3 


I 

tsluga/ft^ 

I 

I ft 


I 

1 

— I ft 

r 

i 

— ift 

! 

— Ift 

I 

— Ift 

I 
I 

uplink  Ift 

! 

I 

— Ift 

I 
I 

— Ift 

I 
I 

— Ift 

I 
I 

down  list  Ift 
I 
1 

— Ift 

I 
I 
I 


Constant  used  to  define  units  of  density  In  ACCEL  Ok ORBIT 
drag  aodel. 

Orblter  position  vector  reserved  for  the  reset  of  user 
paraneter  state  propagation  position  vec'or  (160). 

Orblter  position  vector  Interpolated  to  neasu resent  tine 
(160) . 

Line  of  sight  060) . 

Magnitude  of  the  relative  position  vector. 

Target  vehicle  160  position  vector. 

Uplink  target  position  vector  in  WO. 


Thrget  position  vector  at  the  end  of  last  filter  cycle 
(M50). 

Target  position  vector  reaerved  for  the  reset  of  user 
paraneter  state  propagation  position  vector  060). 

Target  position  vector  interpolated  to  neasureaeat  tine 
(M50) . 

Target  position  vector  for  downllst  (WO). 


Position  vector  at  the  end  of  the  interpolation  Interval 
(M50). 


9. 

1 

! 

i 

i 

i 

i 

i 

} 

4 

j 

I 


1 

1 

I 

i 

! 

f 

•4 

1 

l 

>9 

» 

i 

f 
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1 Variable 

1 name 

1 (M/s  ID) 

I 

1 Precl- 
1 slun  A 
I type 
1 

1 

1 Conpool 
1 or 
1 local 
1 

!B_TM0_mV 

1 

! DP 

1 

! loot! 

IS 

1 DP<9> 
I 

1 local 
1 

IS 

1 

1 DP(6,6) 

I 

I local 

ISA 

1 SF 
1 

l local 
1 

ISB 

1 

1 SF 
1 

l 

1 local 
l 

IS  _BIAS 

I 

1 DP(4) 
I 
1 

1 

1 local 
1 
1 

ISDEC 

1 

1 

1 OF 
1 

I 

1 

1 compool 
I 

I3ELF  TEST  PUS 
! (V90Kli8«X) 

I 

1 B 
1 
1 

I 

I compool 
I 
1 

(S8MS0BBIA3 

1 

1 SF{«) 
1 

1 

I compool 
1 

ISQtSOB  BIAS  TLM 
1 (V900A295C-98C) 

1 

1 SP(4) 
1 

l 

1 compool 
1 

ISBKSOa_D6LQ 

1 SF<4) 

f 

1 compool 

I3SXSCHJSLTA 

1 OF 
1 
1 

1 local 
1 
I 

Initial- 

ization 

category 


Initial 

value 


Dpi Ink / 

dounllst 


I 

I 

! 

Onlta  t 
« 


IXj  script  ion 


IV 


IV 


0.0 ,0.0 


n> 


1/ 


VT 


i 

I Reolprooal  of  the  oagnltude  of  B TWO. 


vary 


(rad2, 

r®2  ’ 2 
ft2  ft2/ 

sec2) 


dotmllst 


down  Hat 


Teaaeral  harmonies  coefficients  used  In  A<XEL_0M>6BIT 
gravitational  acceleration. 

State  noise  natrix  for  the  covariance  propagation. 

Square  of  the  sine  of  the  angle  of  attack  used  in  A'C5L_ 
OMOBBIT  drag  model. 

Absolute  value  of  the  sine  of  side  slip  angle  used  In 
ACCEL_0B0fiBIT  drag  model. 

State  noise  terse  for  the  sensor  bias  slots. 


Sine  of  solar  declination  used  in  ACCSL_OHOBBXT 
atmospheric  density  model . 

Snapped  flag  indicating  that  rendezvous  radar  Is  in  t* 
self-teat  mode.  (RB  SOP  HAL  name  BB  SBLP  TEST,  M/S  ID  « 
V95W309X.) 


Sensor  biases,  part  of  state  vector  (M50). 

Sensor  biases  (part  of  state  vector)  for  TLH  (M50). 


An  increment  used  to  adjust  the  relative  unit  vector  for 
neasuroMnt  processing. 


rad, rad,  t 
ft, ft/sec  I 
[ 

rad, rad,  I 
ft, ft/seel 
t 

vary  I Measurement  residuals 
I 
I 
! 

I 


Oti-V 


79PM10 


VARIABLES  LIST 


Variable 

naae 

(M/S  ID) 


Preci- 
sian 4 

type 


Coapool 

or 

local 


Initial- 

isation 

category 


Initial 

mine 


Uplink/ 
do  iml  1st 


Units 


Description 


SEkSORBDIT 

(V9008441C, 

V90J8880C-82C) 


C(t) 


cospool 


downllst 


3EKSOR  EPS 


SBQ  ACCEPT 

<V?OJ»7J2C,33C,30C, 
31 C) 

SBQ  REJECT 

7V90JA737C,38C,35C, 

360 


DP 


HA) 


I<«) 


local 
co spool 

co  spool 


DO 

IV 

I? 


downllst 


downllst 


Five-valued  parameter  defining  use  of  neaaurenent  data  by 
the  navigation  filter. 

OH  - rejected  by  the  residual  edit  test 

OFF  • no  processing  attempted 

PROCESSED  - accepted  by  residual  edit  test  and  used 
to  update  the  state  vector 
STAT  - used  to  generate  display  parameters 

FORCED  - used  to  update  state  vector  as  a result 
of  sanual  edit  override 

Minimal  allowable  distance  between  target  and  shuttle  for 
aeasu resent  processing. 

Matter  of  sequential  sensor  aarks  accepted  by  the 
residual  edit  test  for  the  various  sensor  aeasureaents. 


Matter  of  sequential  sensor  aarks  rejected  by  the 
residual  edit  test  for  the  various  sensor  aeasureaents. 


SHIFT 

1 SF 
| 

1 local 

a 

1 

I 

— 

SHUTTLE  FILTER  FLAG 
(790XA952X)- 

! 3 
! 

| 

X 

! coapool 
! 

| 

X 

I 

! 

I 

to 

SIP3T 

! SF 
1 

! local 
■ 

X 

t 

■ 

— 

SIG  RR  RHG 

T»95U9168C) 

! SF 
1 

X 

1 local 
1 

I 

! 

I 

DD 

downllst 


rad 


ft 

feet 


Bstisate  of  the  rendezvous  radar  abaft  aeasuraaent. 

Flag  indicating  which  vehicle  state  la  to  be  used  by  the 
filter;  tON)  Shuttle  state  (OFF)  target  state. 

Variable  used  in  atmospheric  density  aodel  in  ACCEL_OHOHBIT . 

One  sigaa  statistic  of  rendezvous  radar  range  aeasuraaent. 


SIC  UPDATE 

(V96H128AC-9C) 


SF<6) 


coapool 


M> 


tttllnk 


ft, 

ft/ sec 


Standard  deviations  (OVM)  for  the  filter  vehicle  position/ 
velocity  eovarianoe  initialization. 


I LAG 

0T96U9169C) 


SF 


local 


DD 


.601815023 


Sine  of  «taos,.  ieric  density  bulge  lag  angle  used  in 
ACC8L.JM.aBIT. 


I 


Ml 
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VARIABLES  LIST 


790110 


! 

1 

1 

! 

1 

1 Variable 

! Preci- 

! Coepool 

1 

Initial- 

1 

1 naae 

1 sl  on  & 

l or 

1 

lzation 

1 Initial 

1 (M/S  ID) 

1 type 

1 local 

! 

category 

1 value 

! 

! 

t 

1 

! 

i 

1SIN  SOL  RA 

1 

1 DP 

! 

! CKMpOOl 

« 

« 

— 

1 

! 

1 

! 

1 

1 

t SLOPE  SIC  RR  RNG 
1 (V96U9T70C) 

1 SF 
I 

! local 
! 

I 

! 

n> 

! 3 .8-3 
1 

f 

1 

1 

! 

1 

ISMA 

1 DF 

1 conpool 

! 

— 

I — 

I 

1 

! 

1 

! 

! SQB  SHU 

! DF 

1 COBpOOl 
1 

1 

! 

1 TV90U12A1C) 

1 

! 

1 

1SSND 

! SF 

1 local 

! 



! 

1 

! 

( 

! 

1 

! 

! 

! 

! 

1ST  ANGLES  BIAS  IRIT 
! (V9609T7 1C-2C) 

! SF(2) 
! 

( 

! B 

1 local 
! 

! 

! 

MD 

! 

1ST  INGLES  EDIT 

! local 

! 

— 

10VERRIDE 

I 

! 

1 

! 

! 

! 

I 

1 

t 

IST  iMGLES  STAT 

! B 
t 
( 

1 local 

! 

— 

t 

! 

! 

! 

ISTAT  FUG 

1 C 

! co spool 

1 

— 

! — 

! 

1 

t 

! 

! 

! 

1 

1 

1 

! 

1ST  DATA  GOOD 

! B 

1 conpool 

! 

— 

! — 

1 (V90XW35X) 

1 

! 

1 

i 

1 

1 

1 

! 

! 

1ST  FNABLE 

t B 

1 coepool 

! 

— 

! — 

! (V93X6223X) 

! 

« 

! 

! 

1 

! 

! 

! 

! 

1ST  MARK  ROM 

! I 

t conpool 
! 

! 

1 

IV 

! 0 

1 (V90JW26C) 

1 

1 

! 

! 

! 

! 

1 

Dpi Ink/ 
downliat 


Units 


Description 


ft 

ft3/2/aec 


ft 


rad 


downlist 


down list 


Sl.ie  of  solar  right  ascension  used  in  ACCELJHIOHBIT  density 
aodei. 

Rate  of  change  of  rendezvous  radar  range  statistics  with 
respect  to  range. 

SenlMaJor  axis  of  conic. 

Square  root  of  EARTHJ©  used  in  ooorblt  prediction/ 
propagation  equations  of  notion  (Pines  Method). 

Variable  used  in  ACCEL_CMORBIT  ataospheric  density 
calculation . 

Initial  value  for  the  star  tracker  angles  bias  slots  of  the 
state  vector. 

Flag  used  (OR)  to  override  the  residual  edit  test  for  star 
tracker  angles  data. 

Flag  Indicating  (OH)  that  star  tracker  angles  data  ir*  to  ! 
be  processed  for  statistical  display  only.  ! 

i 

Copy  of  the  3 tat  flag  associated  with  the  Measurement  type  ! 
currently  being  processed.  '■ 

Snapped  data  validity  flag  for  Star  tracker  data  (STAR 
TRCK  SOP  HAL  DM  DATA  GOOD,  M/S  ID  # V95M77U). 

Star  tracker  angle  ElUtg  flag. 


Star  tracker  asasurensnt  Mark  counter. 
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?gnno 


VARIABLES  LIST 


VarUble 

f 

! Precl- 

t 

! 

Coupon 1 

! 

1 Initial- 

1 

! 

i 

i 

1 

! 

i 

i 

nanc 

! sien  A 

! 

or 

! lxaticn 

1 

Initial 

1 Uplink/ 

i 

! 

(K/S  ID) 

1 type 
! 

I 

! 

local 

1 category 
! 

1 

1 

value 

1 dounltst 
! 

r 

l 

Units  I 
! 

Description 

I 
! 

I 
1 
! 

«' 

IS  OHHOO  ACC 
! 

!3V  n»  TAG  DIFF 


W3.3) 

3F 

B 


local 

local 

local 

local 


BC 


0.5 


vary 

vary 

vary 


Unaodeled  acceleration  noise  teras. 

Tiae  tolerance  used  to  test  the  tine  tag  of  the  predicted 
state  against  the  reset  tiae  tag  of  navigation. 

A flag,  local  to  the  auto* inflight  update  subfund  ion,  which 
indicates  (OB)  that  a state  vector  update  has  occurred. 

Auxiliary  variables  used  in  P A G series  and  Fines 
ooaputatlona,  SI  i 9 also  used  as  auxiliary  variables  in 
aean  conic  partials  transition  aatrix  computations. 


1S2B 

1 

! SF 
! 

1 

! I 

1 local  1 
! 1 

■ | 

— 

1 

1 

1 

I 

1 

■ 

- 

1 

! 

! 

1 Absolute  value  of  sine  of  twloe  the  side  slip  angle  used 
! ACCEL JMORBIT  drag  aodel. 

a 

!T 

! TARGET  AREA 

1 (V953J9I73C) 

1 TARGET  CD 
1 (V9&J917AC) 

1 TARGET  HASS 
i (V9S09175C) 

TAB 

(TAB  C0A3  AMGLES 
! Tv9609 176C-7C ) 

IWI  RR  ARGLES 
l"  (V9609176C-9C) 

! OF 
1 

! i 

! local  I 

— 

I 

a 

I 

1 

1 

— 

! 

!sac 

a 

• 

t Tiae  variable  (GMT)  used  in  ACCELJMORBIT. 

1 

t SP 
( 

! ccnpool  ! 
( | 

to 

| 

! 

] 

— 

tft2 

| 

! Target  vehicle  reference  cross-sectional  ares. 
1 

! SF 
f 
1 

! eoapool  ! 
( 1 
i i 

HD 

! 

a 

! 

1 

• 

— 

1 

a 

! Target  vehicle  reference  drag  coefficient . 
1 
| 

1 SF 
1 

i * 

! eoapool  t 
1 ! 

1 1 

H> 

1 

l 

a 

i 

! 

1 

t 

— 

I 

laluga 

1 

a 

I Target  vehicle  refereooe  mass. 
! 

B 

1 ST(2) 
1 

I I 

! local  ! 
1 | 

— 

i 

• 

i 

1 

• 

-- 

!aee 

■ 

T 

1 Local  variable  for  sensor  tiae  constants. 
• 

f SF(2) 

t 

1 

1 local  f 
1 ! 

CO 

« 1300., 

1 1300. 

1 

i 

« 

1 

— 

!mc 

! 

V 

! Tiae  constant  for  tbo  COAS  angles  sensor. 
1 

! m2) 

f 

| | 

( local  ! 

1 i 

CO 

I1.B6.1.B6 

1 

1 

1 

! 

— 

! 

!mo 

! 

i 

1 Correlation  tiae  constant  for  the  rendexvous  radar  angle 
1 aeasureaent. 

/ 


t 


£» »-V 


! 

1 Variable 

1 

1 Precl- 

t 

1 Coapool 

t 

Initial-  ! 

t naae 

1 slat  A 

! or 

lzaticn  ! 

Initial 

! (H/S  ID) 

t 

1 type 
1 

I local 
! 

category  1 
! 

value 

i 

mo  kuiot 

l~  779609 180C-1C) 

i 

! SF(2) 
1 

1 

! local 
l 

f 

DO 

f 

1 .86,1.89 

! TAU  SOIS 

! SP(«) 

! eoapool 

17 

l-.'-.l.. 

r 

I 

! 

t 

! 

! 

1. 

ITAO  ST  ANGLES 

! SP(2) 

1 local 

DO 

1300., 

r 779&091®2C-3C) 
! 

mo  u a coast 

! 

! 

1300. 

1 SF 

1 ooapool 

n> 

300. 

t T796O9 1MC) 

I 

ITAO  0 A TV®  FLT 

( 

! 

1 SP 
1 

1 

t 

! local 
! 

DO 

300. 

! TV96B9185C) 

I 

HAD  ONtOD  ACC  COV 

! SF 
! 

! ooapool 
! 

CO 

300. 

! TV90IW929C7 

ITAU  OXHOD  ACC  STATE 

! SF 

! local 

DO 

300. 

! 7T96U9T86CT 

! 

1 

ir  BIAS  COAS 

! SF 

t looal 

DD 

0. 

! ~ (79®09 187C) 

! 

! 

!T  BUS  ROD  RADAR 

( SF 

1 local 

DO 

0. 

! <796091880 

t 

! 

;t  BUS  ST 

! SF 

t local 

DD 

0. 

! (79609 1890 

! 

1 

IT  COAS 

1 DF 

! OO^tOOl 

— 

— 

1 (79WAK3C) 

! 

rr  COAS  LAST 
t “ 

!T  007  LAST 

1 OF 
! 

t DF 

1 local 

17 

0. 

1 eoapool 
! 

— 

— 

1 (790B>T71C) 

! 

t 

I 
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VARIABLES  LIST 


7WI10 


Description 


Currant  lntagntlm  tine  within  the  predictor  or  propagator. 

Snapped  tine  tag  of  the  current  IMU/ATT  data  (IHB  SOP  HAL 
naaa  TJMBSJJA,  H/S  ID  I V95U0002C). 

r— y rector  for  target  accumulated  velocity. 

Temporary  matrix  used  daring  covariance  matrix  propagation 
to  store  the  Intermediate  calculation  of  t|T  during  the 
pBp*  * S computation. 

Temporary  sector  usod  by  the  mean  conic  partial. 

Valua  against  which  tin  residual  ratio  is  tasted.  If  the 
residual  ratio  Is  greater  than  TBIJUUS,  th*  onasureonnt 
is  edited. 

Time  tag  of  navigation  initialisation  data  carried  across 
memory  transition. 

Final  time  at  and  of  prediction  or  propagation,  used  in 
SGPBAG. 

Vent/RCS  thrust  fores  off  time  usod  la  AOCEL_CHOniT. 


Veot/RCS  thrust  force  cm  time  used  In  ACCEL  omORBIT. 


! Uplinked  tine  tag  of  arbiter  state  vector. 


Difference  of  eccentric  anomaly. 


St!-V 
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VARIABLES  LIST 


1 

1 Variable 

! name 

1 (M/S  ID) 

! 

1 

I Preci- 
1 sicn  A 
1 type 
1 

I 

1 Compool 
I or 
I local 
1 

! 

1 THETA  COR 
1 

1 

1 DP 
1 

1 

I looal 
1 

t 

!T  IN 

t 

1 DF 

1 

1 local 

IT  LAST  FILT 
! (V90H1252C) 

! DF 

j 

1 compool 
1 

IT  LAST  FILT  TLM 
1 (V90V4285C) 

! DF 
1 

1 compool 
1 

IT  ORB  STATE  UPDATE 
1 - (V94H3727C) 

1 

1 u 

I 

1 

1 compool 
1 

ITCT  ACC 

l~  VV90A4874C-76C) 

! DF(3) 
1 

1 compool 
1 

ITOT  ACC  LAST 
r TV90A1-:2C  -4C) 

I DF(3) 
1 

1 compool 
1 

IT  PRED  FINAL 
1 (V94W3979C) 

! DF 
1 

! compool 
! 

IT  PRED  INIT 
I (V94H3970C) 
1 

1 DF 
1 

1 compool 
1 

IT  REND  RADAR 
1 (V90W484 1C) 

1 DF 
! 

1 compool 
! 

IT  RESET 
1 " (V90H0225C) 
1 

IT  RESID 

! DF 
t 

I compool 
1 

1 DF 

t local 

ITRG  TRK  MODE 
1 TV90U4836C) 

1 

I B 
1 
1 

) compool 
! 

! 

Initial- 

ization 

category 


Initial 

value 


Uplink/ 

downllst 


— 

1 rad 
1 

— 

I 

Uec 

— 

!seo 

! 

downllst 

i 

1 sec 
1 

downllst 

! 

Isec 

1 

downllst 

i 

I ft/sec ‘ 
1 

- 

1 

I ft/sec' 
1 

downllst 

1 

1 sec 
1 

downllst 

I 

1 360 
1 

downllst 

! 

Isec 

1 

— 

! 

!sec 

1 

— 

1 

i960 

downllst 

i 

Description 


Correction  to  THETA  in  the  solution  of  Kepler's  equation, 
used  in  P and  Q. 


Initial  time  input  for  state  propagation,  used  in  SUPER_G. 


Time  tag  of  V _LAST_FILT  and  of  filter  state  at  last 
navigation  cycle. 


Time  tag  of  Orblter  and  target  state  vector  at  last 
navigation  cycle  (for  TLM) 


Time  tag  of  most  recent  Orblter  state  vector  update 
(for  TLM) . 


Orblter  M1950  total  acceleration  vector. 

Value  of  TOT_ACC  at  the  end  of  the  previous  cycle. 


Time  tag  for  prediction  (associated  with  R _PRED_f’IN/!.  and 
V PRED  PINAL) . 


Time  tag  for  prediction  (associated  with  R PRED_INIT  aid 
V PRED  INIT) . 


Snapped  time  tag  of  the  rendezvous  radar  measurement  (RR 
SOP  HAL  name  RR  TIM,  M/3  ID  « V95W292C). 


Time  associated  with  reserved  reset  state. 
Time  tag  cf  interpolated  state  vector. 


Snapped  flag  indicating  (OH)  that  the  star  tracker  is  in  the 
target  tracking  mode  (STAR  TRCK  SOP  HAL  name  HAV  TARGET, 

M/S  ID  # V95X4778X) . I 
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79FM10 


VARIABLES  LIST 


1 

1 Variable 

t name 

! (H/S  ID) 

! 

i 

1 Preci- 
1 si  on  A 
1 type 
1 

! 

1 Compool 
I or 

I local 
1 

j 

!TRUN 

1 

1 SF 

1 

1 local 

IT  STAR  TRACKER 
! “ (V90U4837C) 

1 DF 
1 

! coopool 
! 

!T_ST_LAST 

I DF 

I local 

IT  TV 

1 ~ (V90H0315C) 

1 DF 
1 

! compool 
! 

IT  TV  GND 
1 ~ (V96W1283C) 

1 DF 
1 

I compool 
I 

IT  TV  STATE  UPDATE 
1 ~ (V90W4939C) 

! DF 
! 

1 coopool 
! 

ITV  PREDICT  FAIL 
1 “(V90X4769XA) 
1 

I B 

1 

I 

1 compool 
1 
1 

I 

fU  M 
|”  ~ 

1 

I SF(3) 

I 

1 compool 

1 UN MOD  ACC  BIAS 
1“  ( V90U1?65C  -70 

1 SF(3) 
1 

1 compool 
I 

1UNMDD  ACC  BIAS  TLM 
1 ( V90U4 30 1 C-03C ) 

! SFC3) 
I 

1 compool 
1 

i UN  MOD  ACC  UPDATE  FLAG  1 B 
1 (V96U9T90C)  ~ 1 

! local 
! 

IUR 

1 DF(  3) 

1 local 

IU  _RDOT 

I SF(  3) 
1 

1 local 
1 

IURJ3UM 

I 

1 DF(3) 
1 

1 

1 compool 
1 

Initial- 

ization 

category 


Initial 

value 


Uplink/ 

downlist 


I 

I 

l 

1 Units 
I 


Description 


I V 
Mb 


M> 


MD 


downlist 

downlist 

uplink 

downlist 

downlist 


downlist 


I 

trad 

! 

I sec 
! 
t 

Isao 

1 

I sec 

I 

1 

(sec 

! 

I sec 
I 
! 

1 

! 

I 

I feet 

I ft/sec2 
! 

Ift/see2 

i 

I 

! 

I 

I 

11 /sec 

I 

I 


Estimate  of  the  rendezvous  radar  trunnion  angle  measurement. 

Snapped  variable  for  the  star  tracker  measurement  tjse  tag 
(STAR  TRCK  SOP  HAL  name  TIffi,  M/S  ID  « V95W760C) . 

Time  of  last  star  tracker  measurement. 

Target  vehicle  state  vector  time  tag. 

Uplinked  target  state  time  tag. 

Time  tag  of  most  recent  ta-get  state  vector  update 
(for  TLM) . 

Flag  which  indicates  that  the  time  tolerance  MAX_TIME_TQL 
has  been  exceeded  and  consequently  no  target  state  vector 
prediction  will  take  place. 

Line  of  sight  vector  in  sensor  system. 

Unmodeled  acceleration  bias. 

Unmodelled  acceleration  bias  for  TLM. 


Flag  indicating  (ON)  that  the  unmodeled  acceleration  bias 
states  are  to  be  updated  by  the  filter. 

Earth  fixed  unit  vector  used  in  ACCEL_ONORBIT  drag  model. 

Local  variable  used  in  the  calculation  of  the  estimated 
range  rate  measurement. 

Sun  unit  vector  in  M50  coordinates. 
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VARIABLES  LIST 


f 


! Variable 

I 

1 Preol- 

! 

! CompooX 

! 

I 

Initial- 

1 

1 

1 

1 

! naae 

1 slon  & 

\ or 

I 

lzatlon 

1 Initial 

1 

Uplink/ 

? 

I (M/S  ID) 

1 type 
t 

! local 
! 

1 

! 

category 

J value 

! 

! 

dounlist 

I Units 
! 

1USS  I MU  DATA 

i 

I B 

i 

1 coopool 
1 

t 

! 

IV 

1 OFF 

! 

! 

dovnlist 

1 

1 TV90X0538X) 

I 

i 

t 

! 

IV 

I DF(3) 

1 local 

! 

- 

1 

1 

- 

! ft /see 

IVAR 

1 SF 
1 

! compool 
1 

1 

! 

- 

1 

! 

! 

- 

Ivary 

! 

IVAR  COAS  ANGLES 

1 

I SF( 2) 

! 

1 local 

! 

! 

DD 

I 4.E-6, 

t 

! 

! rad2 

! IV96U9191C-2C) 

! 

! 

! 

1 4.E-S 

! 

! 

1 

.'rad2 

IVAR  CCAS  HORIZ 

I SP 

1 local 

! 

DO 

1 4.E-8 

! 

I TV96U9193C) 

! 

1 

! 

1 

! 

! 

i 

IVAR  COAS  VERT 

! SF 

1 local 

! 

DD 

I 4.E-8 

i 

,,  . 

Irad2 

I TV96U9WC) 

! 

! 

t 

! 

1 

1 

Irad2 

Irad2 

!VAR_  HORIZ 

! SF 

! local 

! 

- 

I - 

I 

- 

IVAR  IMU  ALIGN 

! SF 

1 local 

! 

DD 

! .1 

1 

I TV96U9195C) 

! 

! 

i 

! 

1 

IVAR  RANGE  DOT 

1 SF 

! local 

i 

DD 

! 1.0 

! 

lft2/seo2 

I TV96U9T96C) 

! 

! 

i 

i 

1 

Irad2 

IVAR  RR  ANO.ES 

! SF( 2) 
! 

1 local 

! 

DO 

1 3-E-4, 

i 

I TV9?U9I97C-8C) 

! 

! 

! 3.E-4 

i 

1 

IVAR  RRDOT 

i 

1 SF<2) 

! 

! local 

1 

! 

DD 

11.0,1.0 

i 

! 

Ifeet2, 

I (V96U9 199C-200C) 

! 

! 

! 

! 

! 

I 

( 

1 

tfeet2/ 
t sec2 

Ifeet2 

IVAR  RR  RNG  MIN 

1 SF 

1 local 
! 

I 

! 

1 

i 

DD 

1 711. 

t 

1 TV9SU9201C) 

! 

1 

1 

1 

i 

i 

i 

i 

1 

1 

1 

1 

1 

1 

1 

1 

i 


1 


1 

Description  * 

f 

! 

Flag  Indicating  (ON)  the  usage  of  IHO  data  by  the  powered  f 
flight  propagator.  ! 

! 

Vehicle  M50  velocity  used  in  ACCEL  ONORBIT.  ! 

— j 

Copy  of  variance  associated  with  measureaent  currently  ! 

being  processed . t 

i 

COAS  angles  measurement  bias  variables  used  to  initialize  ! 
the  covariance  matrix.  ! 

i 

Variance  of  the  COAS  horizontal  measurement.  I 

! 

i 

Variance  of  the  COAS  vertical  measureaent.  I 

1 

! 

! Variance  of  the  horizontal  measurement  sensor.  ! 

! ! 


Variance  of  platform  mlsalineaent  added  as  process  noise  In  ! 
the  covariance  matrix.  I 


Variance  of  the  rendezvous  radar  range  rate  sensor  ! 

measurement.  1 

Rendezvous  radar  angles  measureaent  bias  variances  jsed  to  ! 
Initialize  the  covariance  matrix.  I 

Rendezvous  radar  range  »nd  range  rate  measurement  bias  t 

variance  used  to  Initialize  the  covariance  matrix.  I 

Minimum  value  for  computation  of  rendezvous  radar  range  ! 

variance.  1 
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VARIABLES  LIST 


-ET 

OO 


Variable 

1 

! Preci- 

t 

1 

Cesspool 

1 

1 

Initial- 

! 

! 

! 1 

1 1 

1 

1 

name 

1 slon  1 

1 

or 

! 

lzatlon 

t 

Initial 

1 Uplink/  1 

1 

(M/3  ID) 

« type 
1 

1 

! 

local 

1 

! 

category 

i 

i 

value 

! downllst  I 
f ! 

Units  l 
t 

Description 

VAHSEHS 

I 

! SP(M) 
! 

1 ! 

! coapool  ! 
! ! 

— 

! 

! 

! 

! 

I 

- 

I 

tvary 

! 

1 

! General  seasureaent  bias  filter  variance  used  in  propagation 
1 of  sensor  biases  and  in  adding  process  noise. 

VAR  SHAFT 

TV96U9202C) 

I SF 
! 

I local  ! 

! ! 

DD 

11.1  E-5 
1 

! 

1 

— 

frad^ 

! 

! Variance  of  the  rendezvous  radar  shaft  angle  measurement. 
! 

VAR  ST  ANGLES 
~ TV9EU9203C-VC) 

! 

! SFC2) 
! 

! 1 

! local  1 
! 1 

DO 

1 

I1.2E-6, 

I1.2E-6 

! 

! 

1 

— 

i 

(pad2 

I 

t 

t Star  tracker  angles  seasureaent  bias  variances  used  to 
t initialize  the  covariance  matrix. 

VAR  ST  HORIZ 
TV95U9205C) 

! SF 
! 

! local  1 
! 1 

DD 

! 1 .0  B-8 
! 

i 

i 

— 

trad2 

! 

t 

t rad2 
! 

1 Variance  of  star  tracker  horizontal  angle  seasureaent. 

VAR  ST  VERT 
TV95U9206C) 

t SF 
\ 

1 local  1 
! ! 

DD 

11.0  B-8 
! 

! 

» 

— 

t Variance  of  star  tracker  vertical  angle  seasureaent. 

VAR  TRUN 

TV96U9207C) 

! SF 
f 

! local  ! 

t 1 

DD 

!1 .1  E-5 
! 

f 

* 

— 

trad2 

1 

' 2 

1 ft^/see 
! 

tft2/aee 

t 

1ft2 /sec1 
1 

trad2 

! Variance  of  the  rendezvous  radar  trunnion  angle  measurement. 
» 

VAR  U A COAST 
' TV5609208C-10C) 

! SF( 3) 
! 

1 coo pool  t 
! ! 

DD 

13*3. E- 10 
! 

i 

i 

- 

i 

1 Variance  of  unaodeled  accelerations  during  coasting  flight. 

VAR  U A PWRD  FLT 
TV96B92 11"5-1 30 

1 SF(3) 
f 

I local  ! 
1 ! 

DO 

13*E-2 

! 

i 

— 

t 

1 Variance  of  unaodeled  accelerations  during  powered  flight. 

VAR  UNMOD  ACC 
" TV90AU533C-35C) 

! SP(3) 
! 

! coapool  ( 
! ! 

- 

! 

! 

t 

— 

! Variance  of  unmodeled  accelerations. 
! 

VAR_VSRT 

! SF 

l local  1 

- 

t 

- 

1 Variance  of  the  vertical  seasureaent  sensor. 

V CURRENT  FILT 
"(V90L8927C  -90 

! DP(3) 

I 

I co spool  1 
1 t 
1 1 

— 

! 

( 

i 

i 

i 

downllst 

1 ft/sec 

1 

1 

1 Snapped  variable  for  the  total  ac emulated  I MU  sensed 
1 velocity  (IMU  RM  HAL  nose  V IMP  CURRENT,  M/S  ID 
1 * V90L2557C-9C). 

VEH  :iass 

I SF 

I 

! local  1 
1 1 

- 

! 

) 

- 

1 slugs 
t 

tft/seo2 

t ft/sec2 
t 
! 

! Vehicle  mass  used  in  ACCEL  OHORBIT  drag  model. 

VENT 

! SF(3) 

! local  1 

- 

! 

- 

t Vent/RCS  thrust  acceleration  used  in  ACCEL  ONORBIT . 

cq 

(V90UR96VC-66C) 

1 SF(  3) 

1 

! 

1 coapool  t 
! 1 
t 1 

— 

i 

i 

t 

i 

! 

downllst 

! Orbiter  vent  vector  for  downllst. 
1 

! Variable 

t name 

! (M/3  ID) 

1 

1 Precl- 
1 sion  & 
1 type 
1 

! 

! Coopool 
! or 

1 local 
! 

Initial- 

ization 

category 

I VERT 

! 

! SF 

! 

! local 

— 

!V  FILT 

I DF( 3) 

1 coopool 

! {V90L0624C  -60 

I 

l 

IV  FILT  I NIT 

I OF  ( 3 ) 

1 cospool 

OPS 

! (V90L1279C  -8lC) 

I 

! 

!V  FILT  TLM 

I DF( 3) 

1 coopool 

1 (V90L4281C-83C) 

! 

! 

! V _FIN 

i ;-f(3) 

! local 

- 

IVFL_OV 

! B 
! 

! compool 
1 

HC 

IVFLOV_PRED 

! 

! B 
! 

! 

? coopool 
! 

HC 

!VFL_TV 

! 

f B 
! 

! 

1 coopool 
! 

HC 

IVFLTV_PRED 

< 

f B 
! 

1 

I coopool 
1 

HC 

IVFORCE  (V96l'8l74C-76C 

! 

)!  SP( 3) 

! 

! coopool 

H) 

f ( V90U4  956C-58C ) 

t 

! 

IV  GND 

I DP(3) 

! coopool 

I (V96L3510C-12C) 

! 

I 

IV  _DM_r<:F 

1 DP(3) 
1 

I local 
1 

— 

IV  I MU  RESET 

! 

! DP(3) 

! 

! coopool 

I 'V90L0247C  -90 

J 

I 

; 

1 

! 

down 11 st 


ft/soo 
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VARIABLES  LIST 


Variable 

t 

t Preci- 

! 

( Cottpool 

naae 

1 slon  A 

! or 

(M/S  ID) 

I type 
! 

! local 
! 

IV 

_IM 

I 

! DP( 3) 
! 

t 

! local 
1 

! V 

LAST 

! 

! DF(3) 

t 

! coopool 
! 

( V90L4785C  -7C) 

! 

!V 

LAST  FILT 

I DP(3) 

( com pool 
) 

(V90L0621C  -30 

! 

tVM 

t 

! B 
! 

1 looal 
1 

t 

IVMP 

! 

! B 

! 

! coo  pool 

(V94X3971X) 

! 

1 

! V 

ONE 

I DFC3) 
1 

1 local 
1 

!V 

PRED  FINAL 

i 

1 DF(3) 

! 

1 ooapool 
! 

(V95L08I4C  -60 

I 

! V 

PRED  I NIT 

1 DF(3) 

1 coopool 

(V94L4006C  -80 

! 

! 

IV 

_R 

! SP(3) 
! 

! local 
! 

IV 

_REL_BOOT 

i 

! SF(  3) 

i 

I local 

IV 

RETET 

I DP(3) 

1 ooapool 

(V9OL0239C  -41C) 

I 

1 

! 

! 

!V 

RES  ID 

! 

I DF(  3) 
1 

! 

1 local 
1 

Initial- 

ization 

category 


Initial 

value 


Uplink/ 
do uni 1st 


Units 


Description 


ft/sec 

ft/aec 

ft/sec 


dounllst 
do uni 1st 


ft/sec 

ft/sec 

ft/sec 

ft/sec 

ft/sec 

ft/seo 

ft/aec 


Orblter  or  target  velocity  vector  at  T IN  used  In  F A C 
or  SUPERG. 

Velocity  vector  of  the  Shuttle  at  the  end  of  the  last  filter 
subcycle . 

Total  accuisulated  IMU  sensed  velocity. 


Flag  used  In  ACCEL  ONORBIT  to  indicate  if  Vent/RC3  eodel  Is 
to  be  used . 

Flag  indicating  use  or  nonuse  of  the  vent  model  in 
prediction. 

Velocity  vector  at  the  beginning  of  a tlae  interval  used  to 
generate  a transition  aatriz. 

Velocity  vector  as  output  free  precision  state  predictor. 
Initial  velocity  vector  for  prediction. 


Velocity  of  vehicle  relative  to  ataosphere  used  In  ACCEL_ 
ONORBIT  drag  eodel . 

Orblter  velocity  relative  to  the  ataosphere. 

Orblter  vehicle  velocity  vector  after  all  navigation  updates 
reserved  for  reset  of  user  pa  raise  ter  state  propagator 
velocity  vector. 

Ml 950  velocity  vector  Interpolated  to  the  aeasureaent  tlae. 


V 


A- 52 


V 


VARIABLES  LIST 


Variable 
name 
(M/S  ID) 

i 

! Precl- 
1 si or  A 
! type 
! 

I 

! Cesspool 
! or 

I local 
! 

i 

1 Inltlal- 
1 izatlon 
t category 
f 

■ 

i 

! 

1 

1 

Initial 

value 

i 

f 

1 Uplink/ 

! do enlist 
I 

» 

i 

1 Units 
1 

c 

( 

! 

1 Description 

I 

i 

! 

! 

! 

1 

ZETA_IMAO 

! 

! DP(5) 

i 

! local 

! 

! 

f 

_ 

1 

! 

t 

t Coefficients  used  in  ACCELONORBIT  gravitational 

! 

f 

1 

• 

1 

j 

! 

* 

1 

i 

1 

| 

! 

i 

I acceleration  which  are  longitude  dependent. 
1 

! 

; 

ZETA_REAL 

! DF(5) 

1 local 

i 

t 

1 ... 

i 

1 Coefficients  used  in  ACCBL_ONORBIT  gravitational 

! 

1 

I 

! 

! 

1 

I 

1 

! 

! 

I 

! 

! 

1 acceleration  which  are  longitude  dependent. 
1 

f 

f 

ZONAL 

( 

! DF(4) 

! 

! local 

! C 

( 

! 

f 

! 

1 

1 Zonal  harmonies  coefficients  used  In  ACCEL  ONORBIT 

t 

! 

! 

t 

! 

f 

! 

I 

! 

! 

f 

1 

1 gravitational  acceleration. 
1 

f 

1 

/ 

* 


iJUW 


/ 


< .anu. 
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NAVIGATION  SEQUENCER  PRINCIPAL  FUNCTION 
AND  NAVIGATION  PROCESSING  PRINCIPAL  FUNCTION 
FLOWCHARTS 
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B-4  NAOXIT B-8 

B-5  OPSL£jOR_8_ INITIALIZE B-9 

B-6  SHUTTLR_RESET B-1 1 

B-7  RENDJIAV_INIT B-1 2 

B-8  REND_C0  V_JN  IT B-1 4 

B-9  CQV_LAST_RESET B-1 5 

B-10  DO_EAV_LASTjSETUP  CODE B-1 6 

B-1 1 COVIN  IT_UVW B-1 7 

B-12  DISPLAY_COUNT_JNIT B-1 8 

B-1 3 T.'  RGET_RESET B-1 9 

B-14  NAV_ONORBIT__ RENDEZVOUS B-20 

B-14A  SNAP_INPUTS  CODE B-24 
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B-1 6 ONORBIT_REND_AUTO_JNFLIGHT_UPDATE  B-27 

B— 17  STATE_VECTORJ>REDICTION_TASK B-29 

B-1 8 REL_NAV_J)ISPLAY_UPDATES B-30 

E-19  0N0RBIT_REND_R_VJSTATE_PR0P B-31 

B-20  SUPERJG B-3  3 

B-21  ACCEL JONORB IT  FUNCTION B-34 

B-2 2 ACCEL_EARTH_GRAV  CODE B-35 

B-23  ACCEL_ONO RBIT_V ENT_AND_THR UST  CODE B-37 

B-24  SOLAR_EPHEM B-3  8 

B-25  ONORBIT_J)ENSITY  CODE B-39 

B-26  ACCEL. PNORBIT.J5RAG  CODE B-40 

B-27  B_ELLIPSOID  FUNCTION B-42 

B-2 8 1 _REL  FUNCTION B-4 3 

B-29  REND_BIAS_AND_COV_J»ROP B-4  4 

B-30  UNMOD_ACC_REINIT  CODE B-46 

B-31  PHI_E_PHI_TRANSPOSE  CODE B-47 

B-32  PWRD_FLT_NOISE  CODE B-4 9 

B-33  U_A_BIAS_AND_COVINIT B-50 

B-34  MEAN_CONIC_PARTIAU_TRANSITION_HATRIJL6  x 6 B-51 

B-35  FJINDJJ B-53 

B-36  REND_SENSOR_SELECT B-5  4 

B-37  REND_NAV_jSENSOR_INIT B-57 

B-38  SETUP B-5  8 

E-39  RRDOT_NAV B-59 

B-40  REND_NAV_JNTERP B-6 1 

B-41  ONORBIT_JSV_INTERP B-62 

B-42  REND_NAV_FILTER B-6  3 

B-43  REND_STATE_J1ND_COVJJPDATE  CODE B-65 

B-44  RR_ANGLE_RAV B-66 

B-45  REND_ANGLE_PARTIALS B-68 

B-46  STARJTRACKERJNAV B-69 
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B-47 

B-48 

B-49 


ANGLELNAV  

: : : ; 

KEAS_PR0CESSING_JSTATISTICS_ROTO 


Page 

B-70 

B~72 

B-73 
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ORIGINAL  PAGE  IF 
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Enter-  OPS-2? 


EVEHT_60,  or 
EVE»T_60A,  or  V. 
£VENT_£1,  or  / 
SVENT_8A  / 
/ 


Exit  OPS-2? 


; \ 

! EVEf>T_606,  or  \ 

! EVEM7_»5,  or 
( EVENT_fet>  / 

! / 

! / 


CALL: 

NAV_EIIT 


! \ 

CURR_ORB_KASS 
s W_PISP/G_2_PPS2 

! EVENT  60.  or  \ 

! EVENT_E1  / 

: / 
% 

CURB  ORB_HASS  * 

INAV_CURR_0RB_J1ASS  s 1 
ICUKfi  ORB  HASS  1 

HASS_JNIT 

i 

! CALL:  OPS_2_OR_8_ 

! INITIALIZE 


Enter  OPS-2  thru  OPS-8 
or  OPS-OO 


i i 

* i 
! SCHEDULE:  NAV_0N0RB1T_  i 
! RENDEZVOUS,  REPEAT  ! 
! EVERT;  DT_NAV_STATR_PHOP  i 
I i 


PH  202 
to 

M<201 


i > i 

I ! PHRD_FLT_NAV  = OPP  ! 

i EVENTjn  \ i MEAS_ENABLE  = OFF  ! 

! / ! ! DOING J«AS_EHABLE  * ! 

I I > NEAS_£NABLE  i 

• i » » 


i j 

! ! BVE>i7_67\ ! PWRD_FLT_»AV  = ON  ! 

! : / ! ! 

1 1*1201  to  1*1202 


s 

I 

! OOIHG_PWffi_pLTJIAV  * 
I PWKD_FLT_RA  V 

I 


. JL-.  ■ ■ 

\ 

\ 

RENDJ(AV_FLAG  i \ 

RENDJJAV_fLAG  t CK  \ 

REHL  NAV  FLAG  LAST  \ 

cr.  V 

OR  ! 

REND_NAV_INIT_PHO)  / 

REND_NAV_IKIT_PREt  r GN  / 

s OK  / 

/ 

/ 

; : 

CALL:  i 

: REND_NAV_INIT  i 

I V 


: : CALL: 

i RENDJJAVJEXl? 


figure  P— 1 . 


ONCfi&I 7_RENt>_KAV_SEQUENCER  (CIS-2)  . 


79FM1C 


I I 

I JJNM0DJICC_PIAS  >0.  I 

I 

I 

l 

I 

J 

I 

I 

I CALL: 

I 

I DISPLAY_COUNT_INIT 


I 

I 

I 

I 

1 

I 

I RENPJiAVJFLAGJLAST  * OFF 
I 

I DOING_RENDJIAV  « OFF 

I 

< — — — 


Figure  B-3.-  REND_NAV JSXIT . 
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Exit  OPS-2  op  GPS-6? 

Exit  OPS-2  in  preparation  for  transition  to  OPS-8,  or 
j \ OPS-OO.  Exit  OPS-8  in  preparation  to  transition  to  OPS-2 

I EVENTJ60B,  or  \ _ 

J EVENT_60A , or  \ . ■ 

! EVENT_83  / MASS_INIT  = CURR_ORBJ«SS  ! 

/ I J 

j / 

I 

I 

i 

|A  ! 

! £ _FILT_INIT  = £ ILT 

I i _FILT_INIT  = 1 _FILT  I 

I T_FILT_JNIT  = T_L.AST_?ILT  ! 

! i 


I 

I 

: ; 

! CANCEL:  NAV_0N0RBIT_RENDB2?00S  I 

I — 1 

Afheae  paraaeters,  in  addition  to  landing  site  and  tacan  table  data,  mist 
be  saved  across  the  Memory  transitions. 


Figure  B-4.-  NAV_EXIT 


B-e 


li-u 


I 


SNAP  (1  JCURRENT_PILT,  TjCURRENTJPILT ) 


I JLAS1LFILI  b 1 JCURREN1LFILT 
T_J.ASTJFILT  = TJSURRENTJFILT 


]]NMOD_ACCJBIAS  = JL. 
SQRJEMU  = SQRT(EARTHJIU) 


PRED__ORRjCD  a REFjORBLCD 

PRED_ORB_AREA  a REFJDRB^AREA 

PREDJDRRJIASS  a NAV_CURR_ORB_JiASS 

GMOP  a GM_ORD 

GMDP  a GMJDEG 

DMP  a DFL 

VMP  a VFLOV_PRED 

A IMP  a 1 

PREDJSTEP  a PRED _jSTEP_OPS_JNIT 
1 _PRED_JNIT  a fl.  _JILT_JNIT 
I _PRED_INIT  a I .J'lLT.JNIT 
T_PRED_JNIT  a T_JILT_JNIT 
T_PRED_JINAL  a TJLAST.JTLT 


79FM10 


(CONT'D) 

I 


CALL:  SHUTTLMESET 


I PWRD_FLTJ«AV  • OFF 
I OPSL8_PH_ftJINITI  ALI  ZEL.COMPLETE 
i * ON 


Figure  B-5.~  OPS_2JDIL.8-JNITIALIZE  (Sheet  2 of  2). 


B-10 


v»  * v*  ***** 


XJIBSBT  a JH^ILT 
1 JffiSBT  a X _JILT 


I T_PBSET  a TJJISTJFILT 

I 

\ I JBULJRESET  a X mJ*kSTJtJLT 

I 

! FILTLUPDATE  a on 


79FM10 


1 PPED_USE  a 0 \ 

! / 

PftED.OSE  a 4 

(Prediction  task 

TV_ptEDICT_FUL  a OFF 

available  for 

GMOP  a GHJJEG 

scheduling) 

CHOP  a OL.OBD 
DHP  a DEL 
VHP  a 7FLTT  _PREE 
ATMP  a ATFLJT? 

PBEDJSTEP  a PREC_S7EP_pRED 
£ _PRED_I*IT  a £ JTV 
1 _PBED_MIT  a i _TT 
7_PRED_IIXT  e T_TV 
BEnUUT_JEIT_PBED  a ON 

; 

i 

i 

i 

SCHEDULE:  i 

STATE_VECT0R_PREZ>_?A3K 

« 

I PREDJOSE  a 6 

t 

i 

(Target  prediction 
baa  failed} 


PREDJOSE  a 0 
T?_PBEDICT_P*IL  a Oil 
RE>DJMV_IIIT_PRED  a OFF 
pzh>.jmv_fug  = off 


(Target  prediction 
coaplete) 


i I 

I P*ED_USB  = 5 \ ! 


P8EDJ0BE  a 0 
T_IT  e T_P*ED_FI1AL 
IJV  si  _PRED_FIIUL 
I _TV  * I _F8ED_FIJUi. 
REn>JMT_JElT  PEED  a OFF 


I 


SEED _**» _FLAG 
a OH 


I >0I5t_|UT_HSAS  a OFF 
.1  OOY_pmU)_FLT  a OFF 
! COV_PWBULT_USI  a OFF 
! wqjwrv'  JMKJXN  a MOJULPWWt 
I XABjnMOD_>CC  a IAS_RJU»iST 
I ff)*_>CCEtJITW_XJIIT  a £PF_0_A_pOAST 

s 

I 

(COST'D) 


Figure  B-7  — RE*D_IUV  DTIT  (Sheet  1 of  2). 


Figure  B-7.-  BE»D_JiAV_MIT  (Sheet  2 of  2). 
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I I 

I B • 0.  | 

I I 

I 

I 


I \ 

I SHUTTLBJFILTIUJPLAG 

I / 

I f 


i 


I t 

t UCYCLE  s 0 I 

I I 


I 


1 

i I 

I CALL:  00V_LAST_JU5SET  | 

I I 

I 

I 


I 

CALL:  COVINITJJVW  I 

Hi  LIST:  JL  .JILT,  I .JILT  I 

I 

I 

I 

IPTLACCJLAST  b APCELuJONORBIT  (IQD,  100,  I 

IDRAO,  I VENT,  ATFLJ3V,  I 

A .JILT,  Jl  JTILT,  TJLAST_  | 
PILT)  + fijrjriLT/DlLFILT  I 
I 


I 

CALL:  COVINITJBVW  I 

IM  LIST:  A JTV.JtJCV  I 
I 


1 


1 fi.  _JV_LAST 

8 A.CCELJ3N0RBIT  (GHJ)BG,  QH_ORD,  | 

DFL,  VFL_TV,  ATFLJTV,  A JTV,  1 
X JTV,  TJTV)  1 

I I 

I EXECUTE:  D0_NAV_LAST_JSETUP  CODE  ! 

I I 

I 


I CALL:  DISPLAT_COUNT.JNIT  I 

I I 


Figure  B-8.-  RENDjCOONIT. 
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Figure  B-9.-  COVJLASTJIESET. 
B-15 
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O 


DOJHLAMLBSJtAVJLAST  ■ OFF 

DO_Pr.DOX_JfAV_liAST  » OFF 

DQ_3TLANQLE5J«AVJLAST  « OFF 

DQ_C0A3_AH0LE^JJAV_JJIST  > OFF 

I 

i 


Figure  B-10.-  D0JIAVJLASTJ5BTUP  CODE. 
B— 16 


) i 

i 

i 
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IN  LIST:  2.  JL 


\ I I 

DO  FOR  I « 1 TO  6 \ | B j _ j « SICLPPDATBj  SKJJJPDATBj  | 


/ 

I 

1 ■ 

B1|2  « COV_CORJJPDATB1  SXQJIPDATB,  SIQJJPDATS2 
B1|4  * C0V_C0RJJPDATE2  SXCLJDFDATB1  SIGJDPDATEjj 
B1f5  a COV_COR_UPDATE3  SIGLOPDATB,  SIQJJFDATE5 
B2|1|  a COV_CO!UUPDATB4  SIQ_UPDATE2  SICUOPDATE4 
E2,5  8 OOY-CORJIPOATBj  SI(UJPDATE2  8ICL.UPDATB5 
E3,6  8 COV_COR_UPDATB6  SICL.UPDATE3  SIQJUPDATBg 
E4,5  8 COV_CO«L.UPDATE7  SIQJUPDATB4  SICL.UPDATE5 
e2, 1 8 e1,2 
E5,4  8 e4,5 


I 

-1 

I 

CALL:  UJUBIASJWDJCOVINIT  I 

IN  LIST:  2,  2 I 

I 

I 

I 


E1  f.o  3,  1 to  3 8 Hjmueo  B,  t0  3,  , to  3 MjmLM50T 

e4  to  6,  4 to  6 « IUMLM50  Bn  to  6,  4 to  6 HJWLM50T 

E1  to  3,  4 to  6 * M-UWUJ50  Bj  to  3,  4 to  6 MJWCH501 

e4  to  6,  1 to  3 8 (E1  to  3»  4 to  6)T 


Figure  B- 11.—  COVINITJJVW. 
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A JICCBPT  • A 

1JBJBCT  • A 

apQJlCCBPT  * A 

sjuumom  ■ a 

Figure  B-12.-  DISPUJJMOKJHT. 
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& jhlsesbt  > JL  jnr 

X-JTJBSBT  ■ IJT? 


( 


Figure  £-13.-  TAROETJtESBT 
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Pi«urc  B-1*.-  Mf_mORB3T_RSK>£ZfWS  ISlMKt  1 of  *). 


TJ-fl 


79FM10 


mi"-"W>5/^ 


SNAP_J[NPOTS  0008 


I 1 

i STORE  STATE  VECTORS  I 

t FOR  ORBXTER  AMD  TARGET  I 

I t 

} TJLASTJ’ILTLJLM  a TJLASTLflLT  I 

I ILFZLTJtUI  * JLJTLT  t 

I JL/ILTJTLH  « JLFILT  t 

I JL.TVJTLM  a JL.W  I 

I UVJTLM  * JLTV  I 

l &HSORJ3IASJILH  a JSRNSOlUnAS  I 

I JBWODJlCCJSIASjnLM  * JflWODJlCC_PIAS  I 

I I 

I 

J 


STORE  EXTERNAL  FLAGS  AMD 
ORBITER  MASS  IHPOT  TO  MAT 

NAV_ANGLES_AIF  r AMGLESJLIF 
NAV_RANQELAIF  = RAMGRJIIF 
NAVJU»X_AIF  = RDOTJIIF 
NAV_CURR__ORR_MASS  > CURRjORftJIASS 
HA?J)0_C0VARJlEINIT  * DO_COVARJREINIT 
HA  V_PO_ORR_TO_TGT  = DO_ORRjrOJTGT 
MAVJXL.TOTJPOLPRB  = DOJTGTJTOJJRB 
HAV_JX)__OV_DPLINK  8 DOJWJDPLINK 
NAVJ)0__TVJ7PLINK  s DOJTTJtJPLIMK 
NAVJOJFLTRJSLOILRATE  8 DO^FLTRJSLOH-RATE 
NAVJ4EASJBNABLE  8 MEA5JBMABLE 
NAVJOL202  8 MK_202 
NAV_PHRD_FLTJIAV  8 PWttLfLTJIA? 
NAV_RR_ANGLES_ENABLE  s rr_anglbsjbnable 
NAVJST_PNABLE  = STJENABLE 


I 

1 


SNAP  MEASUREMENT  DATA 
INPUT  TO  NAT 


i I 

I SNAP  (V  CURRBNTJPILT,  TjCURRBNXJPILT  f QJfiOBODTJMU)  I 

I I 

I 

I 

(CONT’D) 

Figure  B-14A.-SNAP_JNPUTS  CODE  (Sheet  1 of  2). 
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I \ I 

I OSELJMUU&ATA  \ I mjOOV  « fiVjCOV  ♦ JffJlLt 

I / I COV_J»WRDJFLT  s OH 

I / I 


I \ I I 

I CONT_ACC  > MEAS_THBESHOLD  \ I NOISXJUVJMBAS  « OH  I 

I I I 

I t 


Figure  B-15—  C0V_PR0PJ3ETDP  CODE. 
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I i 

! SfJJPDATE  a OFF  i 

! I 

I 

I 

S \ 

! NAVJJOJJV  JJPLIIK  \_ 

,'  = cm  / 

l / 

I 


PHEDJJSE  * 0 \ 


I I 

! PREDJJSE  * 1 
I OV _P  RED  I CT__FA  IL  > OFF 
S PRED_pBB_HASS  = HAV_CURR_0RB_H4SS 
I PREDJJRBJlREA  a REF_OfiB_AHE» 
i PREDJHBJ3)  a HEPJJML.CD 
I CMDP  a ®U>EO 


available  for 
scheduling) 


_/  ! 

1 

k : 

l 

i 

i 

1 

i 

1 

1 

j 

! 

i 

s 

1 

1. 

1 

i 

i 

f 

i 

1 

j 

i 

i 

s. 

1 PRBDJJSg  a 

3 \. 

1 

s 1 


PREDJSTEP  « PBECJSTSP_PHED 


TJMD 


_L 


\ 

I SCHEDULE:  ST*TE_¥ECTOR_PBEDICI_J*Sl  I 

I 


) 

J PHEDJJSE  a 0 


(Orb iter  prediction 
fall) 


I DCLPVJJPUK  a OFF  I 
! OV_pBBDZCT_FAXL  • Of  I 

! I 


I PHEDJJSE  = 2 \_ 

I t 

(Orbiter  prediction 
complete) 


J ! 

I PHEDJJSE  a 0 ! 

) TJJST_PILT  a TJ’BEDJTJUL  I 

[ & _FILT  s £ _PHED_FDUL  I 

i 1 jmX  a 1 _PSED_FUUL  1 

I SFJJPMTB  a ON  I 

t 5 

I 

i 

t s 

I TJWEUBTATSJJPMTB  I 

i » TJUSt_FILT  I 

J DOJJfJJPLItt  * OFF  I 

S 5 


(COtfT'D) 


Figure  B-16.-  OHORBITJJEHOJUTOJHFLIGHTJJPDATE  (Sheet  1 of  2) 
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I 

I DIDJOOVARJ)EIHIT  ■ OFF 
I DHL.ORHjrCL.TOT  a OFF 
I DIDJPGTJTOJORB  a OFF 
I 

1 


I \ 

I NAV_PO_COVAR_REINIT  \ 


a ON 

/ 

/ 

(HAS  THE  I 

CHEW  S 

REQUESTED  I 
A COVARI-  | 

ANCB  MATRIX  I 

REIMIPI i 

I \ 

I NAV_J)0_0RBJT0_TGT  \ 
I * ON  / 

I / 

(HAS  THE  CREW 
REQUESTED  A 
STATE  VECTOR 
TRANSFER: 

TGT  e ORB?) 


I i 

_ } CALL:  ! 

I RE1TCL.C0V_INIT  | 

I I 

! 

I I 

I DQ.COVAJUBXVXT  * OFF  I 

I DIDJCOVARJOINIT  a ON  I 

I I 


I I 

I 1-JV  « JL  JflLT  | 

I i JTV  a 1 -JILT  I 

I I 

I 

l 

I CALL:  REND_COV_JNIT 

I 

i 

I 

i DCL.ORtL.TO_.TQT  « OFF 
I DID_ORB_TOJTGT  a ON 
I 


I \ 

I NAV_DO_TQTJTO_ORB  V 
I a ON  / 

I I 


(HAS  THE  CREW 
REQUESTED  A 
STATE  VECTOR 
TRANSFER: 

ORB  « TOT?) 


NOTES 


I i 

J & .JILT  a 1JTV  I 
I J -JILT  « IJTV  I 

I I 

I 

I i 

t CALL:  RBND.J/0 V_IN IT  ] 

I I 

I 

t I 

I DO_TGT_TO_ORB  a OFF  I 

l DID_TGT_TO_ORB  a ON  I 

I I 


1.  THE  DQjCOVARJlEIN IT  FLAG  MUST  BE  ACTIVATED  ONLY  DURING  THE  RENDEZVOUS 
NAVIGATION  PHASE. 


2.  STATE  VECTOR  TRANSFER  MUST  BE  ACTIVATED  VIA  CREW  INPUT  TO  THE  RELJIAV  DISPLAY 
AND  ONLY  DURING  THE  RENDEZVOUS  NAVIGATION  PHASE. 

Figure  B-18.-  REL_NAVJ)ISPLAY_UPDATBS . 
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Figure  B-19--  0«0l®rT_|IB»_H_9_3T*IKJ'B0P  (SbMt  1 of  2) 
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•BNL/JLT  U i HC  vector  (3)  0,  0,  0. 


Df  LIST:  GKD,  OMO,  DM,  VM,  ATM,  fi  JM,  I JR,  TJR#  UIR,  DTJILT,  JffJOt 
OUT  LIST:  JL  JIR,  t JW,  0.  J50T 


I 

I ft  JRT  « ACCELjOH ORBIT  (QMD,  OMO,  DM,  VM,  ATM,  A JR,  1 JR,  TJR) 

I 

I JL  JDI  ■ £ JR  ♦ DTJILT  [iJH  ♦ 0.5  (BVJR  ♦ DTJILT  A JMT)] 

I a _OOT  « ACCBLJDRORBIT  (QMD,  OMO,  DM,  VM,  ATM,  A JDI,  1 JR,  TJIR) 

I 

j 3L  J1R  * v JR  ♦ QVJR  4-  0.5  DTJILT  (ft  JRT  ♦ A JHJT) 
j A JDI  « A JDI  ♦ [(&  JODT  - A JRT)  DIJILT2)/6. 


Figure  B-20.-  SUFBRJ3. 
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IN  LIST:  GMD,  OHO,  DM,  VM,  AIN,  1,  1,  T 


A ■ A*  A ■ 

JDWT  ■ A* 

FIFTY  • SARTE1|FIXKD_TOLN50_COORD  ( T ) 
IJff  • FIFTY*  a 
ILJNV  ■ l./lAt 

m « kjx*  a jr 

A JCBNTRAL  * - EAftTfLHU  \JU N*  A 


I 


\ I I 

OMD  2 2 \ I BXSCOTB:  ACCELJURTNjGRAV  CODS  I 

/ I I 


I 


VM  « 1 


I I 

.!  BXSCOTB:  ACCEUJONORBITJ 
I ?BNTJUID_THROST  CODE  I 


I. 


.1 


DM  « 1 \_ 


I CALL:  SOLAfUSPBBM  j 

I IN  LIST:  T I 

J OUT  LIST:  SD8C , CDBC1 , COSLj»L_RA  .SIHJSOLJU  I 


I. 


.1 


I 


t I 

! BXSCOTB:  ORORBITJDEHSITT  CODS  I 

I I 

I 

i I 

I EXECUTE:  ACCELJONORBI1LPRAG  CODS  I 

I I 


I 


_L 


I 


I ACCBkJDHOHBIT  * fl  ..CENTRAL  ♦ A ♦ A ♦ 1BNT  t 
I I 


OMD  CONTROLS  THE  DBQREE  OF  THE  GRAVITY  MODEL. 

OMO  CONTROLS  THE  ORDER  OF  THE  GRAVITY  MODEL. 

DM  CONTROLS  THE  USE  OR  NONOSE  OF  DRA0  ACCELERATION  MODEL. 

VM  CONTROLS  THE  USE  OR  NONUSE  OF  VENTING  AND  UICOOFLBD  THRUSTING  MODEL. 

AIM  CONTROLS  THE  INCORPORATION  OF  DNMODBLBD  ACCELERATIONS  (IN  CONJUNCTION  WITH 
THE  SHUTTLR_FILTBR__PLAQ ) AND  WHEN  COMPUTING  DRAG,  IBB  VARIOUS  DRAG  MODEL 
OPTIONS  USED  CURRENT  ATTITUDE,  AREA,  DRAG  COEFFICIENT,  BTC.). 

A . I ARB  THE  POSITION  AND  VELOCITY  VECTORS  OF  THE  VEHICLE  IN  M50  COORDINATES. 

T IS  THE  TIME  IN  GMT  SECONDS. 


Figure  B-21 .-  ACCELJ3N0RBXT  FUNCTION 


(CONT'D) 


Figure  B-22.-  ACCEL(_EARTH_GRAV  CODE  (Sheet  1 of  2), 


I 


I ROJI  8 ROJI  RCLZERO 
I Q1  s 01  t RQJR  PI 
I 02  8 02  ♦ ROJI  F2 
I G?  a Q?  + ROJI  P3 


/ 

f 


ik 

A 


Figure  B-22 . - ACCKUJEARTHJORAY  CODS  (Sheet  2 of  2). 
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79FM10 


c 


I \ 

I ATM  « 2 V. 
1 / 

I i 


\ v,,V  - ,1  - 

J SHUTTLEL/ILTEILFLAQ  \ | USHT 

I a OFF  / | 

i / 


JWMODJiCQJBIAS  | 



I \ I r I 

J SHUTTLELFILTBH_FLAO  \ I J®NT  s HHMOD.JICCJBIAS  1 

I * OH  / I — I 

I t 


t I 

I UEST  « SSHT  4 HJB0DYM50  [SF0RC2/  I 
I NAV_CURR_OR£LMASS  ] I 

I I 


t DENTL5S  = JJRNT 
I 


j 

r 


i 


Figure  B-23 ACCEU_ONORBIT_VENT_AND_THRUST  CODE. 
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m Lxsit  t - : iv- . 

OOTLZSTt  SDSCyCDBC1  |OOSJSOlUU|SIILSGiuM 

\ „Z"'S  - ' --  --  ' " I 

j LOS  * LOSJEBHD  ♦ T LOSJt  - LOC  SIM  (T  CMEQJC*  PBASSjC)  J 

j : ' ' ' -jr-r '-1 

i n ■ 


I SDBC  * LOSK3  SXM(LOS)  I / 

I , I 

I CDEC1  « SQRftl.  - SDSC2)  I 

I ... ....... a...  .^.. 

\ COSJSOLJRA  ■ OOS(LOS)/CDBC1  | 

| , •'  -it-  - f :vV,i 

I SnUSQLJtA  « LOSK1  SIM(LOS)/CDBC1  I 

mmm mmmmm MM mmmm mmm m mmmm m m mm ; ; * ^'v  Vs’ 


Figure  B-24.-  SOUHJtPRBM 
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t 


Jf 

l 


I 

t ALT  s EUELLIPSOID  (£) 

I COBC1  » CDEC1  ILXMV 
I SDBC  8 SDBC  IL.TMV  Ro 
I CSPST  b R1  COSUSOLJa  COSJLAO 
I CSSHD  s R«  SIKJS0L_RA  SULLAQ 
t SIFST  s R2  SIHJSOLJU  COSJLAO 
I SSND  8 R2  COSJSOLJRA  SOULAQ 

I COSJPSI  a SDEC  ♦ CDEC1  (CSFST  - CSSHD  ♦ SIFST  ♦ SSKD) 
I GDI  8 [(1.0  ♦ COSLPSD/2.0]®*18 
1 


1 

1 

1 

l 

1 

I 

— 1 K ■ 2 

1 

t 

l 

1 

J 

\ 

ALT  > ALTJL 

\ 

_ ■ 

/ 

j 

l 

1 

l 

1 

1 

1 

I I*  1 

1 

I I 

I AFH  s AEM1yK  + ABM2>k  ALT  + ABMj^/ALT  I 

I BFH  = (EM)  + EM2  ALT  + BM3/ALT)  GDI  I 

I CfiMI  s ALT  - CJDENSEA  I 

I CBM1  s (CBD1  (R_JN V)2  ABS  (R3)  Rj]  CBM1  EXP  (CBD2  CBM1)  | 

j 

I 


I 

I 

I 


RHO  s RREF  EXP  (AFH  + BFH  + CBM1  CBM2) 


I 

I 

.1 


l 


1 

i 


3 
5 

4 


1 


l 

1 


Figure  B-25.-  ONORBIT_J)ENSITY  OODE. 
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I I 

! i _R  » 1 JREL  (1 , 1)  i 


J 


J 

I VBHJUSS  * PRED_ORB_MASS 

I CD  * PRED_ORB_CD 

! ! AREA  « PRED_PRB_AREA 


I \ I 

ATM  * 1 \ i 


(ORB ITER  PREDICTION 
WITH  CONSTANT  DRAG 
COEFFICIENT) 


: i s 

i i i 

/ ! 
/ ! 

i i 

i i 

1 1 
i : 

VEH_MASS  s TARGETJttSS 

l 

1 

(TARGET  PREDICTION 

s \ s 

] i 

CD  n TARGETJJD 

\ 

OR  PROPAGATION) 

1 ATM  > 0 \ 1 

! / ! 

AREA  » TABGETJIBEA 

1 

I I 

I VEHJUSS  , NAV_CORR_ORB_MASS  I (ORBITBR  PROPAGATION) 


I I 

! AREA  s REF_ORB_AREA  I 

! 1 JlEkJBODT  » (K_BODTM50)t  Jt  _R  | 

I I 


JL 


I 


! SA  = (WJ«ElJBOOT3)2/(TJ®^JBOI)rf  + vjBajoorf)  ! 


; i 

: SB  = l»J®U80BT2S/lX_Rl  | 


! S2B  « 2.  SB  SQRT(1.  - SB2) 

i 


S CD  * ((CDF  ♦ CDN  SA  BXP_SHAPB_FACTOR)  (f.  . SB)  ♦ CDS  SB  ♦ CDA  S2B  SA)  KFACTOR  ! 

i I 


(CONT'D) 


Figure  B-26.-  ACCBU_ONORBZTJ)RAG  CODE  (Sheet  1 of  2). 


\ ! 


i 


Figure  B-26.-  ACCEU_C*ORBIT_DR*G  CODE  (Sheet  2 Of  2). 
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(1  - ELLIPT)  EARTHJtADIUSJBQUATOR 

H_ELLIPSOID(£.)  a |JLI  - ■;  ■ ■■  ■ ■-  . ■■■  ■ 

Vi  ♦ ((1  - ELLIPT)2  - 1)  (1  - (DNIT(JSL)*£ARTHLJP0LB)2) 


\ 


Figure  B-27 NJSLLIPSOID  FUNCTION. 

k 

A ' 

B-A2 


I t 

! 1 _REL(I,  a)  « 1 - EARTHJATB  (EARTHJPOLE  X a)  I 

I I 


79PH10 


f. 


I 


Figure  B-28.-  1 _REL  FUNCTION. 
B-43 


I COT_pW»_FLT 
! * CO»_PWD_PLT_MST 


79FM10 


1 

j ®7  10  9,  t 10  13  * 
j B1  10  13,  7 10  9 “ 

1 

o.  t 
1 

0.  1 
1 

1 

1 

1 \ 

l 

1 

1 COV_PWRD_FLT  \ 

_J  TAQJDMWILACCLOOV  > TAIUULFWRDLJFLT 

1 

1 / 

1 

1 lARJWHOOJlCC  . 1AIUULFW® JLI 

1 

1 t 

1 

1 

1 

1 £PTJU£EUJJ¥HJniIT  . £p¥_UJUW®_FLT 
1 

1 

1 

1 

I 

1 

J 

1 

1 

1 

1 

1 

1 TiO_OMHOO_ACCL.COV  « TA0JLAJCOAST 

1 

1 

1 

.1  lAIUMNOBLACC  ■ XAEJLAJOOAST 

1 

1 

1 

I fiOTJTCCBUmiJNXT  > flWJUUCOAST 
1 

1 

1 

1 

1 

1 

\ 

\ 

1 

1 SHUTTLE_FILTEH_FLAO  \ 

„|  CALL:  qjL^IASLANDjCOVZMlT 

I 

1 

/ i 

t a LIST:  JL./ILT,  I_fILI 

1 

1- 

j i 

i 

1 

1 

1 

I 

I 

1 

I 

1 

1 

1 

•• 

_J  CALL:  qjLPIA^JUTOLCOVIMIT 

1 

1 

1 

1 ni  LIST:  AJV,  I_TV 
1 

1 

1 

1 

1 

1 

1 COV_mD__FLT_MST 

"l 

l 

1 * COV_J»WRD_PLT 
1 

i 

j 

Figure  B-30.-  DNM0D_JICC_BEI1IIT  CODE. 
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I TEMP)  to  13,  1 TO  6 * 81  TO  13,  1 TO  9 


I DO  FOR  \. 
I J « 1 TO  13  / 


.1  DO  FOR  V I TEMPj  r ■ * FRUDNMOAJICC  I 

I I • 7 TO  9 / » I 


I DO  FOR  \ 1 TEWj(K49  * Bj(k+9  PHUTAS*  I 

I K s 1 TO  4 / 1 I 


6,  1 TO  13  * rai  TBMP1  TO  9 


DO  FOR 


I J « 1 TO  13  / 


*r*9,j  • wo-Wasr  tbmp^9(J 


j®7TO9,  7TO9bE7TO9,  7TO9*  SJJRMOD^ACC  I 


I \ 

I DO  FOR 
I K * 1 TO  4 / 


! I 

-j  ®K+9 , K+9  * eK+9,I+9  * A-01*8*  j 


(COHT'D) 


Figure  B-31.-  PHI_J5_PHI_TRAMSP0SE  CODE  (Sheet  1 of  2) 


(COW'D) 


I 


1 


l \ 

I COV_PWRD_-FLT  « OH  V 

I / 

I / 


l i 

.1  COV_PWRD_FLT  « OFF  I 

I t 


I 


_L 


I t 

I BXSCOTE:  PWID_FLTJ(0IS8  CODS  I 

I I 


I 


I 


S I 

J *1  TO  6,  1 TO  6 * B1  TO  6,  1 TO  6 ♦ 8 * 


1 ' \ 

1 

1 

1 NOISXJtAVJMEAS  \_ 

_J  1 

HOISXJUV_HBAS  * OFF  1 

1 / 

\ 

1. 

1 

1 ( 

1 

1 

1 

1 

1 

1 

t 

1 

1 

CALL:  DISPLAIJCOOIIILJWT  1 

i 

1 

1. 

. - 1 

1 

1 

* 

1 

1 

» - 

__l 

NAVJ6AS  > ON  i 

79FH10 


^ A 


) 


Figure  B-31.-  FHXJLPHL.TBAM8P0SB  CODE  (Sheet  2 of  2). 

*> 
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i 

i- 

' y 

; F 


• f' 


I I 

S4f4  a DVJD0V32  ♦ DVJMV22  I 

S5f5  * DVJMVj2  ♦ C/_COV32  I 

S6>6  * DVjCOV'j2  ♦ DV_COV22  I 

S4f5  = -DV_COV1  dv_cov2  I 

s4,6  * -WjDOf,  DV_COV3  I 

S5t6  8 -DV_COT2  DV_CO¥3  | 

s6,5  :’5,6  j 

s6,4  8 s4,6  j 

s5,4  8 s4,5  j 

s4  TO  6,4  TO  6 8 (VAHJIOJlLI(ai)S4  TO  6,4  TO  6 • 

S1  TO  3,4  TO  6 8 0.5(DTJ»V)S4  to  6,4  TO  6 [ 

S1  TO  3,1  TO  3 8 0*5(DT_COV)S1  TO  3,4  TO  6 1 


Figure  B-32.-  PVffiDJFLTJJOISE  CODE. 
B-49 


At 


XN  LIST:  1 , 1 


I i 

I JWMOILACQJBIAS  ■ £.  I 

I I 

1 

I 

I 

I I 

I HJJVHJM50  « UVVL.TCLH50  (&  » 1)  I 

I I 

I 

I 

1—  

I \ I 

I DO  FOR  N I 8i+6  I+g  ■ COVJICCRU.OVVLIHIT! 

I I ■ 1,3  / I I 

I / 

I 


I 

I 

.1 


I 

I I 

| Bf  to  9,7  TO  9 * H_UVH_M50  By  9,7  TO  9 M_0V¥_X50T  I 


Figure  B-33.-  OJUBIAS_AND_COVINIT . 


'T!  S*-"*.  ***4*5^5  -n*  ?,'  -*&& 
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IN  LIST:  1 _ONE,  2 _ONE,  £ _ONE,  2 JTNO,  2 JTM0,  fi  _TWO,  DELTIM 

OUT  LIST:  PHI_MC 


I I 


! R_ONE_INV  * 1./I2  JDN8I  D_OHE  s 2 _0NE  . 2 _ONE  | 

I r_TWGJR  = 1./I2  _TNO!  D_TWO  s 2 _TNO  . 2 _TNO  I 


I 

1 

1 I 

! SMA  s 1./HJ0MLXNV  ♦ R_THO_INV  - C2  _0NE.2  _ONE  * 2 _TW0-2  _JWO)/(2.  EARTHJTO)]  I 

I Cl  s SQRT(SMA)/SQNJBMU  ! 

I I 

5 

i 

I I 

I CALL:  F_AND_G  ! 

! IN  LIST:  SMA,  DELTIM,  Cl,  1 _OHE , R_ONE_JNV , 2JWCLHW,  2 -ONE,  I 

1 D_OKE,  DJTWO  ( 

i OUT  LIST:  F,  G,  FOOT,  GDOT,  SO,  SI,  S2,  S3,  2 -TWO,  R_TWQ_INV,  THETA  { 

I I 


l 

I I 

I FM1  s P-1  I 

i GDM1  s GDOT-1  ! 

I SI  s Cl  SI  I 

I C2  r Cl2  I 

I CONST  3 C2  [EARTHJflJ  C2  (3.  S3  Cl  - SI  S2)  ♦ G S2]  t 

! S2  = C2  S2  | 

I I 

I 

- — 1 

I I 

I A1  3 (FOOT  SI  ♦ FM1  R_ONE_INV)  R_ONE_INV;  A2  3 FOOT  S2;  A3  * FM1  SI  ILPNSJUV;  t 

I AA  3 FM1  S2;  A5  3 GDMI  S2;  A6  t G S2;  A7  3 FOOT  (SO  RjMRJNV  R_TWO_INV  ♦ SjONE  i 

i _inv2  ♦ njrwo_iNv2);  as  = (foot  si  ♦ gdmi  njn».j«n,  KJWQJOnr;  I 

I A9  3 GDMI  si  sjmojnv  I 

I « 

! 

I 

I 

(COR'D) 


Figure  B-3*.-  MEAH_C0N1CJPABTIAL_THANSITI08_JUT8I!(_6  Z 6 (Sheet  1 of  2). 


t 


#*3*  ■■ 


b-5; 
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Figure  B-39.-  !OIL.MBIC^ARTIAUjra«iSITI«U«TBIX_6  X 6 (Sheet  2 of  2). 


B-53 


^atlky 


18  LIST:  SNA,  DELTAT,  Cl,  £ _IN,  R_IN_INV,  RJ’HLJNV,  £_JH, 

D_XN,  D./IN 

OUT  LIST:  F,  G,  FOOT,  GDOT,  SO,  SI,  S2,  S3,  £_FIN,  R.FIILIHV,  THETA 

(SOLVE  KEPLER'S  EQUATION 


■ »*>  .vw  ■*« 


> i 


o 


79PN10 


FOR  PINES  METHOD  OR 
SVJMTBRP) 


I IF  ILPIUJHV  x 0 


(FIND  THE 
DIFFERENCE  IN 
ECCENTRIC  ANOMALY 
FOR  MEAN  CONIC 
TRANSITION 
MATRIX) 


i SO  x COS  (THETA) 
I SI  s SIN  (THETA) 
I S2  = 1.  - SO 
I S3  = THETA  > SI 


t ONEMRIN  * (SMA  - 1 ./R_JN_JNV)/SMA 
t D_J*UUI  b DELTA!/ (Cl  SMA) 

.1  THETA  x D_MN_AN 


I DO  UNTIL  V 

I I x «JM_KEP  JTER  / 


I SO  > COS  (THETA) 

I SI  x SIN  (THETA) 

I S2  x 1.-SO 

.1  ERR  x D_>#LAN -THETA -D_JN  Cl  S2/SMA 
I + ONEMRIN  SI 

! THETA_COR  x BRR/(1.  ♦ D_IN  Cl  St/SMA 
I - ONEMRIN  SO) 

I THETA  x THETA  ♦ THETA_COB 

! 1.1*1 


.1  THETA  = (C1(D_FIN-D_JN)  + DELTAT/C1]/SMA  I 


I F x 1.  _ 9U  S2  R_IN_INV  I 
I G x DELTAT  - Cl  SMA  S3  I 


I \ 

I IF  «_TOUMV  x 0 V. 
I / 


I i 

.1  £ _FIN  » F £ _IN  ♦ G £ _£N  I 

I R_FIN_INV  x l./lfl  _FIN!  | 

I I 


! FOOT  x -BARTHJU  Ct  SI  RJBLUN  HJMLIHV  i 
I GDOT  x 1.  - SMA  S2  R_FIN_IHV  | 

I I 


Figure  B-35.-  FJUHLP. 
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(COW’D) 
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i NAV_RR_ANGLE3_  \ 
I ENABLE  s (M  / 


DO_RR_ANGLES_ 
NAV  > ON 


I 

.1  RE_ANOLEa_STAT  • ON 


NAV_ANQLBSJUF 
« INHIBIT 
OR 

MEASJSTAT  * ON 


/ 


I I 
I I 


NAV_ANCLE3_AIF  « 


\ 

FORCE 

/ 

t 


I 1 

.1  RR_ABGLESU2DIT_P?BBBIIffi  I 
! = ON  ! 


.1 


NAV_3T— ENABLE  s ON 


I 

.1  D0_5T_ANGLKSJJAV  » ON 


! 


8 


I. 


.1  ST_ANGLES_3TAT  = ON  I 


I 

I 

\ I 

NAV.JNGLESJUF  \ 1 

* INHIBIT  \ I 

OR  / 

NBASuWAT  s ON  / 


I. 


J 


I \ 

I NAVJUHJLESUUF 
* FORCE  / 

I / 


S i 

J SQHKHJHLNPI1L  ■ 

! OVERRIDE  r ON  8 

I 8 


I 

DO_CO AS_ANGLES_N  A V r ON  ) 

I 


I 


8 


.1  COASUUK&E3_3TAT  e ON  I 


! NAV_ANOLEJLAIF  \ 
_l  s INHIBIT 
8 OR  / 


I. 


J 


I HEAS_STAT  c 
I 


ON  / 


I \ 

iNAVJkNGLBSUtlF  V. 

FORCE  / 

8 / 


I I 

J COA^JUKH^SLUIT-  8 

8 OVERRIDE  = ON  8 

8 8 


(COW’D) 


Figure  B-36.-  RBND_SBNSOR_£ELECT  (Sheet  2 of  3). 
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DO_BRDOT_JIA»_LAST  s OFF 


I CALL:  SETUP 

» LIST:  2,  IAO_RBDOT,  fiIAS_VAH_RBDOT , 

XMJUUXR,  fiBDOT_BIAS_IIIIT 


1 

1 \ 

I OqjUL>MCLBS_(UT  z ON  \ 

! AMD  \ 

1 

I ; Pill  • CffTllp 

J a LIST:  0,  1A0J1RJISGLES, 

1 

S I 

1 1 

I dq_rp_a*gles_mav_last  . OFF  / I 
1 / 1 
1 / ! 

i : 

! fi^AS_VAIL.?-n_AHCLES , 

I 1AR_BR_>  MOLES, 

■ < £R_AMCLES_PIAS_aiT 

II 

1 1 

X 

\ 

1 1 

i 1 

j 

I t 

.1  AHGLBSJOIABLgJJISPLAr  > 2 ! 

I I 


’ I ' 

I DOJSTJUKSLBSJiAT  = Olf  \ 

I AHO  V 

! D0_ST_JU«LESJU?_LAS7  = OFF  / 


I 


I. 


I 


I 


CALL:  SETUP  I 

a LIST:  0,  IAU_STJWGLBS,  L 
£JAS_VARJST_JUKJLES , I 
XMJSTJUKLSS,  > 
gjuwugjiASLanT  i 


J AMGLB3JEHABLE_pISPLA7  < 0 I 

i J 


.1 


ON 


I BO_COASJU*BLESJU? 

t AKD 

t D0_C0AS_AB3LESJIAV_LAST 


I 


I. 


\ 

\ 

V 

OFF  / 

/ 


CALL:  SETUP 

n LIST:  0,  IQLlPMSJBBLjS, 

£JAS_T  Aa_CO*SJUES.LS , 
»i«  mis  i«a,« 
OESJUKLESJUS^Um 


I DO_JffiDOT_J(AV_LAST  « OH 

: dojulanoles-Hat_last  * do_wjuiglesjia» 

i DO_ST_AHGLES_J(AV_LAST  * DO_ST_AHOLES_JtA  1 
I D0_C0AS_A»GL8S_J1A»_LAST  « D0_C0ASJUK2LKi_JIA? 


I 


I ] 

I AHOB^JBMABUjnSPUY  * 1 I 


Figure  B-37--  BEHDJIA? JSEHSOEJHIT . 


79FM10 


IN  LIST:  I,  IAU,  1IASLVAR,  £JASLCOV_VAR,  ilASLJNIT 


I \ 

I 00  FOR  \ 
| J s 1 TO  2 / 

I ( 


K ■ I ♦ J 

TAUJSENSg  > TAUj 

SEHSORJBUS*  * BIASLINITj 

VAR_jSBNSg  ■ BIASLVARj 

*9  + K,  1 TO  13  * 0,0 

E1  TO  13,  9 ♦ K " °*° 

Eg  + K|  9 ♦ K * BIASL.C0V_.VARj 

H_.ACCEPTk  * 0 

OBJECT*  s 0 

SBQJICCBPT*  « 0 

SBQJtEJECT*  * 0 

NAVJSXQ*  s 0.0 

Figure  B-38.-  SETUP. 
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INI  I 

| SBLPJTBST.  N I OELTATjQO  > TJCDRRBHTJTILT-TJBHD_RADAR  I 

I FLAG  « OFF  / | I 


79FM10 


o 


1 

1 

,1  CALL; 

RBHD_RAV_mTERP  I 

1 

1 

/ I 


1 T ‘ 

I By  xo  6 * -(PHUATCH,  m 3f  , ro  6>*  I_FHO  | 

j b12  ■ 1.0  I 


I I 

I BUG  S BJfflOJttO  + SRRSORJIAS,  I 

] DBLQ  ■ QJUUMO  - MIG  I 

I I 


I VAR  B (SIGLRRJUD  ♦ SLOPRJSICLRRJRG  RJWKLMAG)I 2  I 
I VAR  B MAX  [VAR,  VAHJ*RJ®CJ*ti3  I 

I I 


I RESULRATXCLOLD  b MAV^SIG, 

I MAHUAU_RDIT_OVERRIDE  * RARGRJBDITLOVERRIDE 
I STAT_FLAG  b RANGRJSTAT 


I I 

I CALL;  1®NDJNAV_FILTER  I 

I I 


I SENSORJSDXTo  « EDIT_fLAO 
I HAVJSZGb  b teSID_TBST_RATIO 
I SENSORJ5eLQ3  b DBLQ 


(CONT'D) 

Figure  B-39.-  RRDOTJIAV  (Sheet  1 of  2). 
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» \ 

I RDOTJ)ATJL.OOOD  \_ 

I / 

I / 


I 

CALLi  REMDJUV^IIfTCTP  | 
I 


ttJfflor  ■ i jrao/UKuno 

®1  TO  3 ■!  JW)  xajfflD  XJI JTOOT) 
®S  TO  6 * • I J®®  . 

®1  ID  6 • (PH^MTCH)1  B,  ro  6 

■ 1.0 


HMCLDOT  ■ 1 JfflO  • Jl  JIDOT  ♦ SBNSOILDZASk  | 
DBLQ  « QjnUWCLPOT  - RNQ_P0T  | 

: 1 


l 

VAR  « VAfUUIfOBJDOT  f 
I 


RBSXDJUTXOJDLD  > «AV_3I0j, 
NAMOAlc^DZTjOVBHBIDB  ■ RDOtLSDITjOVERRIDB 
STAT_fLAO  s RDOTJSTAT 


I 

CALL:  RBMDJIAV^ZLTBR  | 

I 


I 


SEMSOHJSDITij  > EDIT_fLAO 
MAVJSIOj,  ■ RBSIDJTBST_RATIO 
SBMSORJDELQij  * DBLQ 


Figure  B-39.-  BRDOTJtAV  (Sheet  2 of  2). 
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! CALL:  OMOhBIT _SV_irTE*P 

: III  LIST:  £ JAST,  1 _L*ST.  £ JILT,  1 JILT,  flt  _COV, 

i ICO.  ICO,  IDRAG,  IVEKT,  ATFL_Of 

: OUT  LIST:  £ JBSID,  1 JSSID,  A JWtSID  I 

I J 


CALL:  OBORBITJSTJHTKRP 

MUST:  £_T*_LAST.  I_T»_UST,  1 JT»,  I_T?, 

GH_P£C,  CnjM»,  DFL,  TFLJTT,  ATFL_JT 
OUT  LIST:  £ JTTJESID,  1 _J» JBSID,  A JYJESID 


SHUTTL£JILTK*JLAG 


t 

: CALL:  MBA£J8aiCJ>AJKXAI'JSASSm(*JimiO  X 6 
J I*  LIST:  £ JILT,  1 JILT,  H0TJUX,  £ JES1D,  £ JESID, 

A JE3ID,  - DCLTATJSO 
I COT  LIST:  P9IJATCH 

I 


: CALL:  HBA£JC0MI<JAirriAUJRAISrri(SUttTBIIj6  X 6 
.!  M LIST:  £_T»,  IJIf,  £_TT,  l_JtJKSH>, 

I 1 jnUBSZO,  A JTJBSZD,  - DSLTATJBO 

! DOT  LIST:  PHIJITCH 

I 


X 


I J80  s 1 JtJBSID 
£ jao  = £ jrrjKsiD 
RJHQJAC  ■ 1£  jao: 


I 


l 

I RJHO_MAC  < SERSORJFS 


1 

I JKSID  I 

r 

£ JSSID  1 

• 

1 

i i 

I 

i i. 

• 

• 

I 1 

• i 

’ i i. 

• 

• 

! j 

FOR 


\ . 
/ 


! U80j  . 


: 

RJOQJttG  ■ SBXSORJWLTA  l 
t 

U»o  « fijao/RjaojAC  ; 


Figure  B-AO.-  REHDJAf JITTBHP. 
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IN  LIST: 
OUT  LIST: 


A JONH,  1J0NB,  A -TWO,  1 .TWO,  A-IMILDIF, 
IOD,  IOOt  ISM,  IVM,  IATM 
A JIBSID,  1 JIBSID,  A JIBSID 


I \ 

I IP  iDBLTATjQOl  A BPS_TIMB  \ I 

I / 


I 

I A JIBSID  ■ A JT«0 

I 1 JIBSID  a A _TWO 

t TJBSXD  « TLCURRBNT_PILT 


I. 


I 


I RJTWOJNV  a 1./1A  JTWOI 
I au  a 1./[1./IA_PNB|  ♦ JLTWQJNV 
I -ULJMB  • 1 JK  ♦ A— TWO  • 

I I _TH0)/(2.  BARTRJRDT 

I Cl  a SORT  (SNA)  /SQR_£«J 
I DJINO  a A -TWO  * 1 JTWO 
I T JIBSID  a TJCURR8NT_PILT-DBLTATJ30 
I RJINJTBMPJNf  a 0. 

I 


I 

I CALL:  PJUIELO 

I IN  LIST:  »A,  -DELTAI_00,  Cl,  A JTWO,  JLTWQJNV, 

I R_PINjrEMPJH?,  I _JWO,  DJTWO,  D_fIN_TEMP 

I OUT  LIST:  P,  0,  PDOT,  (SOT,  SO,  SI,  S2,  S3, 

t A JIBSID,  RJHNJMV,  THBTA 


I 

I 1 JIBSID  a PDOT  A -TWO  ♦ GDOT  I _TWO  I 


I. 


.1 


I 

i A-RESID  a I 

I APCEL— ONORBIT  (IGD,  ISO,  IDM,  IVM,  IATM,  A JIBSID , I JIBSID,  I 

I TJIESID)  ♦ A J(MUJ)IP/DT_POV  | 


Figure  B-H1 0N0RBITJ5V JNTBRP . 
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c: 


I t 


I RJHKU1AG  < RNQJON  \ 

I / I 

I f I 

l 

L 


1 I 

.1  EDITJFLAG  s OFF  I 

I I 


I \ 

I SHUTTLEJFILTER_FLAG  8 OFF  v. 

I / 

I / 


I 

! EP_C0PY  8 B l 
I BT_gJB  8 1 • CEPjCOPY  ) 

i a = 0 

i MS J)ELQ  s BT_JL3  + VAR 

I 

1—  - 


I 


I 1 

J B!  xo  e s -Bn  TO  g I 


( 


(£•)  -j  + E2  2 ♦ 3)  V 

> m5_pos_uAd_wgt  ’ / 


I I 

.1  MSLPELQ  8 MSJDELQ  I 

j + ohd_wgt  (BT_R_P)  I 

I ! 


I 

RESIDJTEST  (fU®S_EDIT)  MSJJELQ  I 

I 


RESID_TEST_RATIO  = 
ABS(DELQ) / yj  RESIDJTEST 


£ i 


STAT_FLAG  \_ 
/ 

/ 


(CONT'D) 


J EDIT_FLAG  s STAT 

I 


g> 


0 


Figure  B-42.-  REKDJIAV_FILTER  (Sheet  1 of  2), 
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I \ 

i MANUALJEDITJOVERRIDB  \_ 
I / 

I / 


I \ 
J TB3OAL0B  « MAX  [RESID_RATIO_OlD  t 
I ♦ DELTA_RBSID_RATIO , 1 . J } 
I I 


t I 

.1  TBSUVALUE  a 1.  I 

I I 


1 \ 

1 

1 

1 RBSID  TBSTJIATIO  \ 

1 EXECUTE;  REHDlSTATBARD  1 

1 S.  TBSTLVALUB  / 1 

1 COVJDPDATE  CODE 

1 

1 / 1 

1 

| 

1 

1 

! 

I 

1 \ 

I 

1 

1 MANUAI^_BDIT_  V 

1 KDXT_FLAG  8 

1 

1 OVERRIDE  / | 

1 FORCED 

1 

1 / 1 

1 

1 

1 

1 

. . I 

1 

j 

1 

1 L 

1 EDITJFLAG  a 

1 

1 EDITJFLAG  a OH  | 

I PROCESSED 

1 

1 

1 

1 

! 

Figure  B-42.-  RENILNAV_FILTKR  (Sheet  2 of  2), 
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I I 

I J2MEGA  « £B_COPY/MS_PELQ  I 

I I 


I \ I \ I Er  j « Bj  j - OMBO*!  BB_COPYj 

I DO  FOR  \ | DO  FOR  \ | * 

I I * 1,  12  / | J « I ♦ 1,  IS  / I Bjt  * Bltj 

I t I / 1 - 


I B£|I  « EIfI  - OMEGAj  EBLCOPYj  | 


I I 

I b13|13  * e13  - ombga13  eelcopy13  | 


I SHUTTLE_FILTERJ’UO  >- 


•I  B JFILT  a B JFILT  ♦ OMEGA,  TO  3 DELQ  I 
I 1 JFILT  s 1 JFILT  ♦ OMEGA4  to  6 DELQ  j 


I I 

.1  B JTV  8 B _TV  - OMEGA  Uo3  DELQ  I 
I I _TV  8 I JTV  + OMEGA4to6  DELQ  I 


UNMOD_ACC_UPDATEJrLAG  >- 


■I  iIRMOD_JACC_RIAS  8 
I Jfl«M0D_ACCL3IAS  ♦ OMEOA7to9  DELQ 


_£ENSOR_BIAS  > SENSORJBIAS  ♦ OMEGA10to13  DELQ 


Figure  B-43.-  REND_STATE_AND_COV_UPDATE  CODE. 
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I \ 

I RR_ANGLEJDATAJ30CD  \ 

I AND  \_ 

I SELF_TESTJFLAQ  « OFF  / 

I / 

I / 


I 

HJ60JTQJSBNSOR  > MJBOD¥_TCURR  I 
QUATJTCLMAT  (QJ450B00XJIR)  I 

I 


I 

DELTAT_GO  a T_CURRENILFILT-T_JU5ND_RADAR  | 

I 


l 

CALL:  RBND_NAV_JNTERP  I 

I 


I 

CALL:  REND_ANQL5_PARTIALS  I 

IN  LIST:  -H_N50_T0_SENS0R3  1 TO  3 I 


I 

B^o  a 1.0  I 


-L 


I 

SHAFT  « ARCTAN2C-U_H2,  DJ^)  + SENSORJBIAS,  ! 
DELQ  a QJULSHFT  RAD_PERJ)EG  - SHAFT  I 

I 


\ I \ 

I DELQ  I > PI  \ | DELQ  > 0.  \_ 

/I  /II 

/ I / I 


I DELQ  a DELQ  - 2.  PI | 


I I I 

I I DELQ  a DELQ  + 2.  PI  I 


_L 


I 

VAR  a VAR_SHAFT  I 


.1 


I 

I 

(CONT’D) 

Figure  B-44.-  RR_ANGLE_NAV  (Sheet  1 of  2). 
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(CONT'D) 
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/ , 


G 


RESIDJIATIOJOLD  * MAX[HAVjSIQ1 , NAV_JSXQ2] 
MANUALJEDIT_OVERRIDE  a RRJlNGLESJffilTjQvBRRIDB 
STATJFLAQ  a RRJiNGLESJSTAT 

i ' 4 

i 

CALL:  REHD.JlAV_fILTER  I 

I 

I 

I 

SENSORJ£DXT1  a EDIT _JLAO  | 

NAV_SIG ] a RESID_TEST_RATIO  | 

SENSORJ)ELQ1  a DELQ  } 


| 

I 

CALL:  REND_JJAV _INTERP  | 

I 


1 


1 

1 CALL:  REND_ANGLEJPARTIALS 

i IN  LIST: 

1 UNIT  (U HO  X M_M50_TO_SENSOR3 

1 TO  3 ) 1 

Bn  = 1.0  I 


» 

1 

I 

TRUN  a ARCSIN(UJfc)  + SEHSORJBIAS2  | 

DELQ  a Q_RR_TRUN  RAD_J»ERJ)EG  - TRUN  I 

. I 

i 

I 

VAR  a VAR_TRUN  i 


CALL:  REND_NAV_FILTER  } 


i 

1— 

SENS0RJEDIT2  = EDIT_FLAG  | 

NAVJSIGp  a RESID_TEST_RATIO  I 
SENSOR_DELQ2  a DELQ  | 


Figure  B-44.-  RR_-ANGLR_NAV  (Sheet  2 of  2). 
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IN  LIST:  I _N 


I I 

I £NQ_PLANE  * 1 JRHO  - (£  JUtO  • 1 Jl ) 1 Jl  I 

I Bi  to  6 * (PH3JPATCH,  to  3,  t TO  UJ)  I 

t /|£BQ_PLANE|]  I 

I JL  _H  - H_M50_T0_jSENS0R  1 _RHO  I 

I I 

' 7 • r 7 


U 


Figure  B-45.-  RENDJINQLELPARTIALS . 
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STJJATAJBOCD  \ l I 

AND  \ | HJ6QJKLSENS0R  a H_H50_TO JST  I 

TRQ_TWLHODB  / I I 

/ I 


t I 

I DELTAXjQO  a T-CURRENTLFILT  - T_jSTAR_TRACKER  1 

I DELTATJ5T  = TJ5TARJTRACKER  - TJSILLAST  I 

I I 


I \ 

! DELTATLST  > 

I DELTAT_J5t_HIN  / 

I / 
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CALL:  ANGLELJAV 
IN  LIST: 

VARjSTJIORIZ, 

QJST JBORIZ,  VARJST_VERT, 

QJS1LVERT,  ST_ANQLES_EDrT_OVERRIDE , 
ST_ANGLES_JSTAT 


I 


I 


± 


I 


I T JSTJLAST  a TJSTAR_TRACKER  I 


I. 


J 


Figure  B-46.-  STAR_TRACKERJ*A V . 
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m LIST:  VARJfORIZ,  QJiORIZ,  VAR__VERT,  Q_VERT,  ANGLBSLMANU  ALJJDITjOVBRRI  DE , 

ANGLES JSTATJFLAO 


I 

CALL:  RENDJNAV__INTERP  | 

I 

I 

1 

I 

CALL:  RENDJWQLELPART1ALS  I 

IN  LIST:  -K_M50_TO_SENSOR2  , TO  3 | 


I 

I 

i 

Bn  * 1.0  | 


I 

I 

I 

VERT  a ARCTAN2  (-UJ4, , 0_M3)  ♦ SENSORJBIASg  | 
DELQ  s Q_VERT  - VEST  I 

I 

I 

I 

I 

VAR  s VAR_VERT  I 

I 

I 

I 


RESID__RATIO_OLD  « MAX[NAVJ5IQ1(  NAV_SIG2] 
MANUAL_EDIT_CVERRIDE  a ANGLES_J1ANUALUJ5DIT__0  VERR  IDE 
STAT_FI.AG  s ANGLESL3TAT_FLA0 


s 

I 

CALL:  REND_NAVJFILTER  I 
I 

I 

I 

I 

I 

SENSOR_PELQ2  8 DELQ  ! 

NAVJSIG2  * RESID_TESTJRATIO  I 
SENS0RJEDIT2  « EDIT__FLAG  | 


(CONT'D) 


Figure  B-47.-  ANQLEJIAV  (Sheet  1 of  2). 
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(CONT'D) 

I 

— I 

I S 

I CALL:  REND_NAY_£NTERP  | 

I I 

I 

I 

I I 

| CALL:  REND_JANQLEJSARTIALS  I 

I IN  LIST:  -4O60JT0J9BNS0R,  t TO  3 1 


I 

I 

I I 

I B10  n 1.0  I 

I I 

I 


I I 

I HORIZ  = ARCTAN2  (UJ42,  UJfe)  ♦ SBNSOR_BIAS1  i 

S DELQ  = QJHORIZ  - HORIZ  S 

! I 


I VAR  a VARJ10RIZ  I 

I I 

I 

I 


I I 

I CALL:  RENDJiAV_JILTER  | 


! SENSOR_DELQ 1 a DELQ  I 

I NAVJSIGi  a RESID_TEST_RATIO  | 
I SENSORJEDITi  a EDIT_FLAG  I 


Figure  B-47.-  ANOLELNAV  (Sheet  2 of  2). 
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I \ I I 

I COASL  V I DELTATjQO  • T_CURRENT_FILT  -T_COAS  | 

I OATAjQOOD  / i DELTAT_COAS  « T_COAS  - UtokSjLkSl  I 

I ( I I 


I 

1 


I 

I 


\ 

\ 


I DELTATLQO  \ 

I <DKLTAT_COAS_MAX 
I AMD 

i DELTAT_COAS  / 

I >DELTAX_C0A5_MIN  / 

I / 


I I 

\ 1 HJ*50jr0jSEMS0R  I 

/ I « HJODX-TCLOOAScq*^!  dMJ6O_T0lBODX_CX)AS  I 

j 1 

I 

I 

I 

i ; 

I CALL:  AMQLEJ1AV  ! 

I IK  LIST:  VAR_OOASLHORIZ,  | 

I Q_COAS_HORIZ , VARjCOASL  I 

I VERT,  QjCOASJfERT,  I 

I COAS_ANQLES_EDIT_OVERRIDE , J 

I COASJWQLESJSTAT  I 

I I 


I 

I 


1 

I \ I I 

I COASJUIOLBSL  \ I T__COAS_JLAST  a T_COAS  I 

I STAT  » OFF  / I I 

I f 


Figure  B-48.-  COASJIAV. 
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INI  \ I I 

I DO  FOR  \ I SENSORJEDITj  \ I DISPJDELQj  ■ SBNSOR_pELQj  I 

I I > 1,  4 / | i OFF  / | DXSP_3IGt  * NAVJSIGt  I 

I / I t I I 


INI  I 

| I * 3 V I DISPJJELQt  * DISPJDELQ  /1000.0  | 

I / I I » 


I \ 

I I * 2 \ I I 

I OR  \__|  DISPJJELQt  « DISPJJELQ  DEQ_PBRJtAD  I 

I I « 1 / I I 


INI  I 

I SENSOJUDITj  N | DISPJBDITj  = BLANK  I 

i « STAT  / I I I 

I t I 

I 


( » 


SENSOILEDITj  8 ON 


SEQJtCCEPl'j  8 0 
NJffiJECTj  8 N_REJECTX  ♦ 1 
SEQJtEJECTj  8 SEQJtBJECTj  ♦ 1 


N I I 

SBQJffiJECTr  > REJJ1AX  N I DISPJEDITt  s ♦ j 

/ I I 


SEQ_REJBCTj  s 0 
NJCCBPTj  8 N-ACCEPTj  + 1 
SEQJCCEPTj  8 SEQJtCCEPTj  ♦ 1 


SEQJICCBPTj  > ACCJ4IN  N I I 

OR  N I DISP_EDITi  8 BLANK  I 

SENSOILEDITj  s FORCED  / I I 


Figure  B-49.-  MEA§JPROCESSINGLSTATISTICS__REND . 
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APPENDIX  C 

GENERAL  REQUIREMENT  FUNCTIONS  FLOWCHARTS, 
VARIABLE  NAMES,  AND  DESCRIPTIONS 
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VARIABLE  LIST 
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VARIABLES  LIST  DEFINITIONS 
CODE  USED  FOR  VARIABLE  DATA  TYPE 

F:  floating  point  quantity;  an  n-dimensional  floating  point  vector  will  be 

denoted  F(n);  similarly,  an  n x n floating  point  matrix  will  be  denoted  by 
F(n,m) 

I:  integer  quantity;  I(n)  will  denote  an  n-dimensional  integer  vector 

B:  bit,  i.e.,  data  having  only  values  of  0 or  1 

C:  character;  C(n)  will  denote  an  n-dimensional  oharacter  string 


CODE  USED  FOR  VARIABLE  PRECISION 
D:  double  precision 

S:  single  precision;  integer  quantities  are  assumed  single  precision  unless 

otherwise  specified 


VARIABLE  LOCATION 

COMPOOL:  Variable  value  looated  in  common  storage,  accessible  by  all  functions 

LOCAL  : Variable  is  used  by  one  function  only,  and  usable  to  other  functions 
through  call  argument  only 

VARIABLE  INITIALIZATION  CATEGORY 

blank:  display  is  vaoant 

C:  constant  (unchanging) 

DD:  design  dependent 

HC:  hard  coded 

MD:  mission  dependent  (I-LOAD) 


\ 


\ 
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VARIABLE  UPLINK  AND  DOWNLXST  STATUS 
UPLINK:  variable  la  an  uplink  item 

DOWNLIST : variable  ia  a downliat  item 

UNITS  DEFINITIONS 

deg:  angular  measurement,  degrees 

ft : feet 

lb:  pounds 

n.d.  (or  -)  non-dimensional 

rad : radian 

seo:  time  measurement,  seconds 

slugs:  mass  measurement,  slugs 

vary:  units  have  different  values  whioh  depend  on  variable  use 
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Variable 

1 

1 

! 

1 Com pool 

name 

1 Precision 

! or 

(H/S  ID) 

! & type 

I 

1 local 
! 

A 

1 

1 SF(3,3) 

! 

1 local 

AA 

TV96U9057C-60C) 

1 DF(4) 
I 
! 

1 local 
1 
! 

ALT 

! 

! DP 

i 

! local 

A_0 

1 DP 
! 

1 local 
1 

ATM 

1 

1 I 
! 

1 

1 local 
I 

ATK> 

(V9AJ3999C) 

I 

1 I 
! 

1 

1 oompool 
! 

AZ 

I SF 

1 local 

BB 

?V96U9080C-3C 

1 DF(H) 
1 
! 

i local 
1 
l 

CAZ 

1 

1 SF 

! 

1 local 

CC 

(V96U9090C-3C) 

I DF(t) 
1 
1 

1 local 
1 
1 

CUT 

f 

I SF 

1 

t local 

CL  ON 

1 SF 

! local 

COS  P 

I SP 

1 local 

! 

1 

1 

l 

Initial- 

ization 

category 


SO 


DD 


DO 


Initial 

value 


V2 

1 - VT751 
1 ♦ VTTfi 
1/6 


2(1 

2(1* 


Uplink/ 
down list 


downllst 


Units 


ft 


rad 


Description 


Temporary  matrix  used  in  CBAT_TO_MAT 

Array  of  coefficients  required  by  the  BK_GILL  integrator 


Current  Orbiter  altitude  above  referaooe  ellipsoid 


One  minus  eccentricity  squared  of  Barth  (ellipsoid) , 
1 .0 -PLAT CON,  initialized  only 


Flag  indicating  if  current  or  prestored  configuration 
constants  are  to  be  used  in  drag  computations  within 
ACCEL  0N0RBXT 


Flag  indicating  vehicle  attitude  mode  to  be  used  for 
prediction 


Bearing  from  true  north  ( EP_T0_8UMA  Y , BF_TO_SCA«BA ) 
Array  of  coefficients  used  by  the  BKJHLL  integrator 


Cosine  of  AZ 

Array  of  coefficients  used  by  the  Ht_GILL  integrator 


Cosine  of  LAT_GEOD  (EP_T0_T0PBET) 

Cosine  of  LON  (EPTOTOPDBT) 

Cosine  of  geooentrio  latitude  to  Shuttle 
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1 

! Variable 

! naae 

I (M/3  ID) 

1 

< 1 

1 1 Coe  pool 

! Precision  ! or 

f A type  1 local 

1 1 

! 1 
1 Initial-  ! 
1 lzatlon  1 
( category  1 
1 1 

Initial 

value 

! 

! Cl 
| 

1 

! DP 
1 

! 

! local 
| 

! 

- 

! C2 

• 

) DP 
• 

I 

I local 

* 

- 

« C3 

t DP 

1 

1 local 

1 , 

_ 

i 

! 

1 

1 0» 

I OP 

1 local 

| 

. 

1 

1 

1 

1 C5 

I DP 

1 local 

| 

• 

1 

1 

! 

1 

t 

1 

! D AUX 

1 DP 

! local 

( 

- 

( 

1 

! 

t 

« 

1 

1 D TAU 

! DP 

1 local 

t 

! 

t 

! 

I ED 

t OP 

1 local 

| 

• 

» 

! 

! 

1 DD 

! DP(4) 

1 local 

1 DD 

°.  r 

« IV9609103C-6C) 

( 

1 

■2  ♦ 3\| 

I 

! 

1 

-2  - m 

f 

t 

1 

0. 

1 

1 

1 

1 DSL 

! SP 

> local 

t 

- 

I DSL  LAT 

( 

1 SP 

I 

I local 

( 

_ 

! 

1 

I 

! 

! 

1 

t DBLTAT 

1 DP 

1 local 

{ 

. 

1 

! 

t 

I 

! 

1 

1 DC  HIV 

1 DF<7) 

1 local 

1 

- 

( 

1 

f 

1 

1 

1 

1 

I 

1 

! D fa  TOT 

! DP 

1 ooapool 

t ac 

0. 

1 

1 

! 

! D IB 

! OP 

! local 

f 

_ 

! 

! 

! 

! 

! 

! 
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Variable 

1 

! 

Coapool 

1 

Initial- 

name 

1 rreclslon 

1 

or 

I 

ization 

(H/S  ID) 

1 & type 

J 

I 

! 

local 

1 

I 

category 

I 

1 B 

1 

! 

coapool 

f 

1 

• 

I 

I Variable 

t name 

I (H/S  ID) 

I 

1 

I IMP 

I (V9«3969X) 

I 

! DT_MAX 
I ( V96U9227C) 

I 

1 DT_STEP 
I 

! DOM 
! 

I DUH1 
I 

1 BARTH  RADIOS  EQUATOR 
! 

t EARTH  RATE 
! 

I ELUPT 
I 

I P 
! 

I FOOT 
t 

! PD  TAU 
I 

t PLAT  COR 

( (V96U9216C) 

I 

! P TAU 
! 

t G 
1 

! G _CERTRAL 
1 ~ 

f GDOT 
J 

! GD  TAD 
! 

( oop 

! (WJ3975C) 

! 


I DP 
1 
I 

I CP 
I 

! DP 
I 

» DP 
1 

1 DP 
! 

I DP 
! 

1 DP 
! 

! DP 
I 

1 DP 
I 

! DP 
I 

! DP 
! 

1 

! OP 
I 

I OF 
I 

I DP(3) 

I 

! DP 
I 

! DP 
I 

! I 
I 

I 


local 

local 

local 

coapool 

coapool 

coapool 

local 

local 

local 

local 

local 

local 

coapool 

local 

local 

coapool 


Initial 

value 


.006693 

42162 


Uplink/ 

dovnlist 


ft 

ft 

rad/sec 


Description 


Flag  indicating  if  aodel  for  acceleration  due  to  drag  is 
to  be  used  for  prediction 

Kaziaua  Integration  step  size  used  for  prediction 


Integration  step  size  for  prediction  or  propagation 
Duaay  variable  (GEODET1C_TO_BP) 

Dump  variable  «SBOCeTICTO_EF) 

Barth* a equatorial  radius 

Barth's  rotation  rate 

Eertb's  elllptleity  constant 

Closed  foia  version  of  the  F tine  series 

Closed  for*  version  of  the  tine  derivative  of  P series 

Variable  used  in  Pines  eetnod 

Eccentricity  squared  of  reference  ellipsoid  (FISCfflt). 
initialized  only 

Auxiliary  variable  used  in  Pines  aatbod 

Closed  fora  version  of  the  G tlae  series 

Gravitational  acceleration  due  to  Barth  as  a point  Base 

Closed  fora  version  of  the  tlae  derivative  of  the  G series 

Auxiliary  variable  used  in  Pines  aethod 

Flag  indicating  degree  of  gravitational  potential  aodel 

used  for  prediction 
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Variable 

! 

! 

! 

f Coop 00 1 

! 

t 

Initial- 

1 

f 

1 

! 

! 

! 

name 

! P reel* Ion 

! or 

» 

lzatlon 

I 

Initial 

1 

Uplink/ 

! 

(M/S  ID) 

! & vype 

I 

f local 
t 

1 

! 

category 

f 

r 

value 

1 

1 

down list 

! 

1 

Units 

I Description 

awe 

! 

! I 

1 

1 coapool 

! 

f 

t 

f 

. 

( 

t 

t 

f 

_ 

t Flag  indicating  order  of  gravitational  potential  model 

* 

(V9AJ3963C) 

f 

! 

! 

! 

! 

f 

I used  for  prediction 

0_TAU 

1 DP 
! 

t I 
1 

! SP 

f local 

f 

- 

f 

- 

1 

- 

! 

- 

1 Perturbation  derivative  of  ODOT  in  Pines  method 

I 

1 local 

1 

- 

! 

- 

f 

- 

! 

- 

! Counter 

LAM 

1 local 

i 

- 

1 

- 

! 

- 

» 

red 

I Earth’s  rotation  angle  free  epoch 

5 

UTJ5BGD 

1 SP 

1 local 

1 

- 

! 

- 

j 

- 

t 

rad 

1 Geodetic  latitude  of  8 _BP 

LOR 

! SP 

i 

I local 

1 

- 

! 

- 

! 

- 

rad 

1 Longitude  of  B _EF 

M 

1 SF( 3.3) 
! 

I SPC3.3) 
! 

1 3P( 3,3) 
1 

I »<3,3) 
1 

t local 

! 

- 

1 

- 

f 

- 

! 

- 

I General  transformation  matrix 

MAT 

t local 

f 

- 

! 

- 

i 

- 

1 

- 

i Transformation  matrix  (SBOOT_TO_M50) 

MATRIX 

! local 

t 

- 

t 

- 

i 

- 

I 

- 

I Temporary  matrix 

M M50TOEP  AT  EPOCH 

( coapool 
f 

1 

H> 

r 

_ 

1 

! 

I Transformation  satrix  from  ICO  to  Earth- fixed  at  T EPOCH 

(V97U5738C-46C) 

f 

I 

! 

1 

$ 

«_STEPS 

1 I 
! 

S 

1 DP 
! 

! DP(3) 
1 

f local 
! 

f 

! 

- 

1 

1 

- 

f 

1 

- 

f 

f 

- 

1 Huaber  of  integration  steps  in  prediction  or  propagation 
1 interval 

P 

1 local 

! 

- 

f 

- 

1 

- 

i 

- 

! Variable  used  in  the  BK_GILL  Integrator 

P 

! local 

t 

- 

1 

- 

( 

- 

t 

ft/ 800 

1 Variable  used  In  Pines  method  as  perturbing  acceleration 

PHI 

1 SP 

1 local 

1 

- 

t 

- 

! 

- 

1 

rad 

1 Geocentric  latitude  of  poeition  vector  to  Shuttle 

PRED  ORB  AREA 

! SP 

1 coapool 
( 

1 

_ 

1 

_ 

1 

down list 

! 

rt2 

1 Or bi ter  cross-sectional  area 

(V9306955C) 

t 

1 

1 

1 

I 

PRED  ORB  CD 
(V93«95*C) 

1 SP 
! 

I 

I SP 

1 coapool 
1 

i 

! 

- 

1 

f 

- 

( 

1 

downllst 

I 

1 

— 

1 Orb Iter  coefficient  of  drag 

PRED  ORB  MASS 
(V9 306953C) 

' coapool 
1 
! 

! 

1 

! 

“ 

! 

! 

1 

1 

1 

1 

downllst 

! 

t 

! 

slugs 

! Orbiter  mass 

1 

1 

/ " 


/ 


t 
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t 

! 


Variable 
nane 
(M/S  IB) 


! ' oapool 
Precision  ! or 
A type  I local 


Initial- 

ization 

category 


Initial  I Uplink/ 
value  I downlist 


Units 


Description 


FRED  STEP 
(V9W396AC) 


SF 


conpool 


downlist 


sec 


Input  integration  step  size  for  prediction 


K) 

P3« 


SP 


local 


Temporary  variables 


s 

K) 

! 

1 

! 

1 

i 

! 

I 

I 

i 

! 

! 

1 

1 

! 

I 

1 

1 

! 

1 

1 

Q 

1 SP(4) 
1 

! local 

! 

I 

- 

! 

- 

! 

1 

- 

9 

! DP(7) 

1 local 
1 

X 

! 

- 

s 

i 

i 

0. 

! 

• 

- 

Q_pim_Ba>r 

1 SP(A) 
• 

1 

I local 
1 

I 

1 

- 

i 

! 

■ 

- 

X 

! 

■ 

- 

R 

! DP 

j 

I 

! local 

I 

! 

f 

- 

1 

1 

a 

- 

1 

! 

a 

- 

R 

! DP(3) 

t 

I 

1 local 

I 

1 

! 

1 

- 

! 

! 

a 

- 

S 

f 

a 

- 

PEBO_TIie_TOL 

• 

! SP 

j 

I 

1 local 
| 

I 

! 

HC 

X 

f 

1 

10*8 

X 

! 

a 

- 

RAD_P 

! DP 

! local 

e 

X 

» 

- 

X 

f 

- 

X 

! 

- 

R _EP 

1 

! DF<3) 
« 

I 

! local 

1 

i 

* 

- 

1 

! 

- 

t 

1 

a 

- 

R _EP_EQUAT 

! DP 

i 

| 

! looal 
1 

l 

i 

■ 

- 

I 

! 

- 

I 

« 

a 

- 

R_PM_mV 

1 DP 
> 

1 looal 
1 

l 

t 

* 

- 

X 

! 

- 

X 

! 

- 

R_PIR_TEW_IHV 

X 

! DP 
| 

1 

! looal 
1 

i 

! 

| 

- 

X 

I 

I 

- 

X 

! 

| 

- 

R _IH 

! DF(3> 
! 

1 looal 
1 

! 

1 

- 

I 

1 

- 

1 

! 

- 

RINAUX 

t 

1 DP 
1 

I 

! looal 

1 

! 

t 

- 

! 

f 

i 

- 

! 

! 

a 

- 

R_U_IHV 

1 DP 

! looal 

1 

! 

- 

i 

! 

- 

X 

» 

- 

ft 

ft 

sac 

ft 

ft 

ft 

ft*1 

ft*1 

ft 

ft*1 

a*1 


Input  quaternion  to  QUAT  TO_HAT 

Local  array  used  in  RK_GILL  integration 

Quaternion  representing  current  Orbiter  attitude 

Radius  vector  to  Shuttle  in  Greenwich  true-of-date  system 

Shuttle  position  vector 

Time  tolerance  for  predictor 

Geocentric  radius  of  Earth  at  geocentric  latitude  of  Shuttle 

Position  vector  of  Shuttle  in  Earth-fixed  coordinates 

Position  of  vehicle  position  vector  in  the  equatorial  plane 

Reciprocal  of  the  aagnltude  of  R _PI> 

Dunq  variable  used  in  the  call  to  P_AHD_G 

Position  vector  at  the  beginning  of  a tine  interval  in  ISO. 
Used  in  P and  G aeries  and  in  SUPER_G 

Reciprocal  of  the  magnitude  of  the  position  vector 

Reciprocal  of  the  aagnltude  of  R _XN 


t;I-3 


79FmO:U¥:C 


ST-3 


; : - ■ ^:<pt^v'*s^?*y^r*'»>r^'■'.'* Missive ^.v>:  W\-’  pwu  ft*?**? ~'r7***ttr ••*'*-  ;-—T.* t- 


79FM10:iPP:C 


Description 

Tine  of  M_M5OT0EP_*T_EPOCH 

Difference  of  eccentric  anoaaly 
General  tiae  variable 

Difference  between  initial  and  final  predictor  tines 
Initial  tine  input  for  state  pro pegs t ion,  used  in  SPPBR_G 
Final  tine  input  Tor  onorblt  prediction 

Initial  tine  input  for  onorblt  prediction 

Initial  tine  of  each  Runge-Kutta  integration  step 
Coluans  of  the  DVV_TO_ieO  tenporary  nstri* 

Shuttle  velocity  vector  (local) 

Flag  used  in  *CXKL_OKRBIT  to  indicate  if  Vent/RCS  nodel  is 
to  be  used 

Flag  indicating  whether  venting  accelerations  are  to  be 
aodeled  for  prediction 

Orbiter  or  target  velocity  vector  at  T_PHKD_FWAL 

Orbiter  or  target  velocity  vector  at  T_PRBD_IBIT 

Tenporary  array  for  Shuttle  or  target  state  vector  used 
in  Pines  aethod 
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VARIABLES  LIST 


Precision 
A type 


Coapool 

or 

local 


Initial- 

ization 

category 


Initial 

value 


Uplink/ 

downlist 


rt.rt.rt, 

ft/sec, 

rt/see, 

ft/sec, 

sec 


Description 


Array  of  lr* eg rated  Initial  conditions  for  onorMt 
prediction  and  propagation 
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NAME:  Aries  mean  of  1950,  Cartesian,  coordinate  system 

ORIGIN:  The  center  of  the  Earth 

ORIENTATION:  The  epoch  is  the  beginning  of  Besselian  Tear  1950  or 

Julian  ephemeris  date  2433282.423357. 

The  Xm-Ym  plane  is  the  mean  Barth's  equator  of  epoch. 

The  axis  is  direoted  toward  the  mean  vernal  equinox 
of  epooh. 

The  ZH  axis  is  direoted  along  the  Earth's  mean  rotational 
axis  of  epooh  and  is  positive  north. 

The  Ym  axis  oompletes  a right-handed  system. 

CHARACTERISTICS:  Inertial,  right-handed  Cartesian  ayster 


Figure  C-1 .-  Aries  Mean  of  1950,  Cartesian. 
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True  equinox 
of  date 


Earth's  true-of-date 


rotational  axis 


Center  of  Earth 


True  of  date  equator 


NAME: 

ORIGIN: 


ORIENTATION: 


CHARACTERISTICS: 


Barth  fixed  (Oreenwioh  true  of  date)  coordinate  system 
The  center  of  the  Barth 

The  Xq-Yq  plane  is  the  Barth's  true-of-date  equator. 

The  Zq  axis  is  direoted  along  the  Barth's  true-of-date 
rotational  axis  and  is  positive  north. 

The  +Xq  axis  is  direoted  toward  the  prime  meridian. 

The  Yq  axis  completes  a right-handed  system. 

Rotating!  right-handed  Cartesian.  Velocity  veotors 
expressed  in  this  system  are  relative  to  a rotating 
reference  frame  fixed  to  the  Earth,  whose  rotation  rates 
are  expressed  relative  to  the  Aries  mean  of  1950  system. 


Figure  C-2.-  Barth-Fixed  Greenwich  True  of  Date. 
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NAME: 

ORIGIN: 

ORIENTATION: 


CHARACTERISTICS: 


Aries  true  of  date,  Cartesian,  coordinate  system 

The  oenter  of  the  Earth 

The  epooh  is  the  ourrent  time  of  interest. 

The  Xfp-Yjp  plane  is  the  Earth's  true  equator  of  epooh. 

The  Xfp  axis  is  directed  toward  the  true  vernal  equinox 
of  epooh. 

The  Zm  axis  is  direoted  along  the  Earth's  true  rotational 
axis  of  epooh  and  is  positive  north. 

The  YTp  axis  completes  the  right-handed  system. 

Qt«aai- inertial,  right-handed  Cartesian 


Figure  C-3.-  Aries  True  of  Date,  Cartesian. 
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NAME:  Geodetic  parameters 

ORIGIN:  This  system  consists  of  a set  of  parameters  rather  than 

a coordinate  system;  therefore,  no  origin  is  specified. 

ORIENTATION:  This  system  of  parameters  is  based  on  an  ellipsoidal  model 

of  the  Earth  (<..g.,  the  Fischer  ellipse  of  I960).  For  any 
point  of  interest  we  define  a line  known  as  the  geodetic 
local  vertical  which  is  perpendicular  to  the  ellipsoid 
and  which  contains  the  point  of  interest. 

h,  geodetic  altitude,  is  the  distance  from  the  point  of 
interest  to  the  reference  ellipsoid,  measured  along  the 
geodetic  local  vertical,  and  is  positive  for  points 
outside  the  ellipsoid. 

X is  the  longitude  measured  in  the  plane  of  the  Earth's 
true  equator  from  the  Prime  (Greenwich)  Meridian  to  the 
local  meridian,  measured  positive  eastward. 

is  the  geodetic  latitude,  measured  in  the  plane  of 
tne  local  meridian  from  the  Earth's  true  equator  to  the 
geodetic  local  vertical,  measured  positive  north  from 
the  equator. 

CHARACTERISTICS:  Rotating  polar  coordinate  parameters.  Only  position  vec- 

tors are  expressed  in  this  coordinate  system.  Velocity 
vectors  should  be  expressed  in  the  Aries  mean  of  1950  or 
the  Aries  true-of-date  polar  for  inertial  or  quasi-lnertlal 
representations,  respectively. 


Figure  C-4.-  Geodetic  Parameters  (Basic  Definitions)  (Sheet  1 of  2) 
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NAME:  Geodetie  parameters 

DEFINITIONS:  h is  the  altitude  of  Point  P,  measured  perpendioular 

from  the  surface  of  the  referenced  ellipsoid. 

is  the  geodetic  latitude  of  Point  P. 

*c  is  the  geooentrio  latitude  of  Point  P. 

5 is  the  angle  between  radius  vector  and  equatorial 
plane  (declination). 

X is  the  longitude  of  Point  P.  Angle  (+  east)  between 
plane  of  the  figure  and  the  plane  formed  by  the  Greenwich 
Meridian . 


Figure  C-4.-  Geodetic  Parameters  (Detailed  Explanation)  (Sheet  2 of  2). 
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NAME:  Runway  coordinate  system 

ORIGIN:  Runway  center  at  approach  threshold 

ORIENTATION  AND  DEFINITIONS:  Z^p  axis  is  normal  to  the  ellipsoid  model 

through  the  runway  centerline  at  the  approach 
threshold  and  positive  toward  the  center  c. 
the  Earth. 


X^p  axis  is  perpendicular  to  the  axis  and 

lies  in  a plane  containing  the  ZLp  axis  and  the 
runway  centerline  (positive  in  the  direction  of 
landing). 

Ylf  axis  completes  the  right-handed  system. 

A^p  is  the  runway  azimuth  measured  in  the 
XIF*LF  Piane  from  true  north  to  the  +XLF 
axis  (positive  clockwise). 

CHARACTERISTICS:  Rotating,  Earth-referenced 


Figure  C-5.-  Runway  Coordinate  System. 
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NAME:  Topodetic  coordinate  system 

ORIGIN:  Orblter  center  of  mass* 

ORIENTATION:  Z^p  Is  normal  to  a geodetic  looal  tangent  plane  and  is 

positive  toward  the  Earth's  center. 

Xfj)  is  perpendicular  to  Z^p  axis  and  is  positive  north- 
ward along  the  meridian  plane  containing  the  Orblter. 

completes  the  right-handed  orthogonal  system. 

CHARACTERISTICS:  Rotating,  right-handed  Cartesian  system.  Velocity  vectors 

are  expressible  in  Ibis  system  for  the  Orblter,  given 
relative  velocity  VTD  in  this  system. 

-—•S3 


♦D  « geodetic  latitude 

*A  similar  system  may  be  te fined  for  any  point  of  Interest. 


Figure  C-6.-  Topodetic  Coordinate  System. 
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NAME: 

ORIGIN: 

ORIENTATION  AND  DEFINITIONS: 


CHARACTERISTICS: 


MSBLS  radar  coordinate  system 
MSBLS  radar  position 

ZRAD  **  normal  to  the  ellipsoidal  model, 
positive  away  from  the  center  of  the  Earth. 

Xrad  is  in  the  looal  horizontal  plane  of 
the  radar  in  the  boresight  direction  of  the 
radar  antenna.  The  angle  Az  is  measured 
positively  olookwise  from  true  north  to 
XRAD* 

Rotating,  Earth-referenced 


1 


■*  ' i 


Figure  C-7.-  MSBLS  Radar  Coordinate  System. 

+ V 
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NAME: 

ORIGIN: 

ORIENTATION : 


CHARACTERISTICS: 


Body  coordinate  system  (structural) 

In  the  Orbiter  plane  of  symmetry,  400  lnohes  below  the 
centerline  of  the  payload  bay  and  at  Orbiter  X-station  = 0 

The  Xq  axis  is  In  the  vehicle  plane  of  symmetry,  parallel 
to  and  400  inches  below  the  payload  bay  centerline. 

Positive  sense  is  from  the  nose  of  the  vehicle  toward  the 
tail. 

The  Zq  axis  is  in  the  vehicle  plane  of  symmetry,  perpen- 
dicular to  the  Xq  axis  and  positive  upward  in  landing 
attitude. 

The  Y0  axis  completes  a right-handed  system. 

Rotating,  right-handed  Cartesian 


Figure  C-8.-  Body  Coordinate  System  (Structural). 
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NAME:  Stable  member  (IMU) 

ORIGIN:  The  Intersection  of  the  Innermost  glmbal  axis  and  the 

measurement  plane  of  the  XT  two-axis  aooelerometer 

ORIENTATION:  The  Zj  axis  is  coincident  with  the  Innermost  glmbal 

axis. 

The  X j axis  is  determined  by  the  projection  of  the 
X aooelerometer  input  axis  (IA)  onto  a plane  orthogonal 
to  Z j.  Tj  completes  a right-handed  triad. 

In  a perfect  IMU,  with  all  misalinements  zero,  these 
relationships  hold: 

The  Y accelerometer  and  X gyro  IA's  are  parallel  to  the 
Xj  axis. 

The  T accelerometer  and  Y gyro  IA's  are  parallel  to  the 
Yj  axis. 

The  Z accelerometer  and  Z gyro  IA's  are  parallel  to  the 
Zj  axis. 


Figure  C-9.-  Stable  Member  (IMU)  (Sheet  1 of  2). 
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CHARACTERISTICS: 


Nonrotating,  right-handed,  Cartesian  system 

The  referenoe  alinement  for  the  global  oase  is  defined 
with  the  four  global  angles  at  zero  and  with  the  vehicle 
in  a horizontal  position.  In  a perfect  IKU,  with  all 
oisalineoents  zero  and  with  all  global  angles  at  zero, 
the  following  relationships  hold. 

XNB*  YNB*  ZNB  are  ^ar^'es^an  components  of  the  naviga- 
tion base  coordinate  system. 

The  outer  roll  axis  and  the  Xj-axis  will  be  parallel  to 
XNB.  Positive  Xj  will  be  in  the  forward  direction. 
Positive  roll  global  angles  will  be  in  the  sense  of  a 
right-handed  rotation  of  the  gimbal  case  relative  to  the 
platform  about  the  plus  outer  roll  axis. 

The  pitch  axis  and  Yj  will  be  parallel  to  YNB.  Posi- 
tive Yj  will  be  to  the  right  of  an  observer  looking 
forward  in  the  vehiole.  Positive  pitch  gimbal  angles 
will  be  in  the  sense  of  a right-handed  rotation  of  the 
gimbal  case  relative  to  the  platform  about  the  plus  pitch 
axis. 

The  inner  roll  axis  will  be  parallel  to  the  outer  roll 
axis,  with  the  sense  of  rotation  the  same  as  for  the 
outer  roll  axis. 

The  azimuth  axis  and  Z j will  be  parallel  to  Z^q. 
Positive  Zj  will  be  down,  relative  to  an  observer  stand- 
ing in  the  vehicle.  Positive  azimuth  gimbal  angles  will 
be  in  the  sense  of  a right-handed  rotation  of  the  gimbal 
case  relative  to  the  platform  about  the  plus  azimuth  axis. 


Figure  C-9.-  Stable  Member  (IMU)  (Sheet  2 of  2). 


79PM10 


North 


NAME: 

ORIGIN: 

ORIENTATION: 


CHARACTERISTICS: 


NWU  geographic  coordinate  system 
Point  of  interest 

U is  positive  up  along  the  Earth's  astronomic  or  plumb- 
bob  vertical. 

W is  positive  along  the  cross  product  of  U and  the 
Earth's  spin  axis. 

N completes  the  right-handed  orthogonal  system 
(N  m W x U). 

Rotating,  right-handed,  Earth-referenced  coordinate  system 


Figure  C-10.-  NWU  Geographio  Coordinate  System 
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ORIGIN:  Center  of  mass 

ORIENTATION:  Xgy  axis  Is  parallel  to  the  Orblter  structural  body 

Xq  axis,  positive  toward  the  nose. 

Zgy  axis  is  parallel  to  the  Orblter  plane  of  symmetry 
and  is  perpendicular  to  XBy,  positive  down  with  respect 
to  the  Orblter  fuselage. 

YBy  axis  completes  the  right-handed  orthogonal  system. 

CHARACTERISTICS:  Rotating,  right-handed,  Cartesian  system 

L,  M,  N:  Moments  about  XBy,  YBy,  and  ZBy  axes, 

respectively 


p,  q,  r:  Body  rates  about  XBy,  Ygy,  and  ZBy  axes, 

respectively 


p,  q,  r:  Angular  body  acceleration  about  Xgy,  Ygy , 

and  ZBy  axes,  respectively 

The  Euler  sequence  that  is  commonly  associated  with  this 
system  is  a yaw,  pitch,  roll  sequenoe,  where  <>  * yaw, 

6 * pitoh,  and  « e roll  or  bank.  This  attitude  sequence 
is  yaw,  pitoh,  and  roll  around  the  ZBy,  Ygy,  and  XBy 
axes,  respectively. 


Figure  C-l 1 Body  Axis. 
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NAME: 

ORIGIN: 

ORIENTATION: 


OVW  coordinate  system 
Point  of  interest 

The  U-V  plane  is  the  instantaneous  orbit  plane  at  epoch. 


The  U axis  lies  along  the  geoeentrio  radius  vector  to 
the  vehiole  and  is  positive  radially  outward. 


The  V axis  lies  along  the  Instantaneous  orbital  angular 
momentum  veotor  at  epooh  and  is  positive  in  the  direction 
of  the  angular  momentum  veotor. 


The  V axis  completes  a right-handed  system  (V  s W x U). 


CHARACTERISTICS: 


Quasi- inertial,  right-handed  Cartesian  coordinate  system. 
This  system  is  quasi-inertial  in  the  sense  that  it  is 
treated  as  an  Inertial  coordinate  system,  but  it  is 
redefined  at  eaoh  point  of  interest. 


Figure  C-12.-  UVW  Coordinate  System 
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I I 

I EARTlLf  IXEDJT0_M5 OjCOORD  ( TIME ) » K_M50T0BF_AT_RP0CHT  (M)  i 

I I 

WHERE: 

M_M50TOEF_AT_EPOCH  IS  THE  TRANSFORMATION  PROM  tCAM  OP  1950  TO  EARTH-PIXED 
COORDINATES  AT  TIMS  « TJSPOCH.  THIS  MATRIX,  TJPOCH,  AND  EARTHLRATE  INITIAL 
VALUES  ARE  DISCUSSED  IN  SECTION  4.10.2. 

M IS  COMPUTED  WITHIN  THE  FUNCTION  (EARTH_FIXEDJTO_M50_COORD ) AS 


LAM  « EARTH_RATE (TIME  - T_EPOCH) 


M > 


/COS (LAM) 
I SIN (LAM) 
\ 0 


-SIN  (LAM) 
COS(LAM) 
0 


;) 


Figure  C-15.-  EARTH_FI XED_TO_M50_COORD  FUNCTION. 


Msmm 


> i 

I EFJTOJTOPDET (LAT JBEOD , LON)  * M ! 

i : 


WHERE 

M IS  CALCULATED  WITHIN  THE  FUNCTION  AS 
CLON  « COS (LON),  SLOW  « SIN(LON) 

CLAT  * COS(LATjQEOD),  SLAT  « SIN(LAT_QBOD) 


79FM10 


(-SLAT  CLON 
-SLON 

-CLAT  CLON 


-SLAT  SLON  CLAT\ 

CLON  0 I 

-CLAT  SLON  -SLAT/ 


i 


Figure  C-14.-  £F_TO_TOPDET  FUNCTION. 
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I I 

I EF_TO J»UN  WAY ( LAT_GEOD , LON,,  AZ)  * («)  BF_TO_TOPDET ( LAT_QEOD , LON)  I 

I I 


WHERE 

M IS  CALCULATED  WITHIN  THE  FUNCTION  AS 
CAZ  = COS(AZ),  SAZ  = SIN(AZ) 

S 

(’  CAZ  SAZ  0\ 

-SAZ  CAZ  0 ) 

,0  0 1/ 


) 


Figure  C— 15.—  EFJTO_RUNWAY  FUNCTION. 
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I l 

I EFJTQJSCANNER ( LAT.QEOD , LON,  AZ)  » (M)  EFJTOJUNWAY (LATjQEOD,  LON,  AZ)  I 


I. 


c 


WHERE 

M IS  CALCULATED  WITHIN  THE  FUNCTION  AS 

/I  0 0\ 

M * ( 0 -1  0 ] 

\°  0 -V 


( 


( 


r 


Figure  C-16.-  EF_TO_SCANNER  FUNCTION. 
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IN  LIST  : 1 JEF 

OUT  LIST:  LAT_GEOD,  LON,  ALT 
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! FLATCON  a 1.0  - (1.0-ELUPT)2 
I AJD  = 1.0  - FLATCON 

I 

I JUCY  = RJ3Fi2+  RJEF22 

I , 1/2 

I R = (R_XY  + RJSFj  ) 

I SINJ»  = R_EF3/R 
I COSJP  = (RJTC)1/2/R 

I 


I EARTHJIADIUSJEQUATOR 

I RAD_J>  = 

! (1.0  + FLATCON  SIN_P2/A_0)1/2 

I 

I 

I DEL  s (FLATCON  SIN_P  C0S_P)/(1 .O-FLATCON  COSJP2) 

I 

I DEL_LAI  8 RADJP  DEL/R 

I 

I 

I PHI  8 TAN-1  (SINJP/COSJ?) 

I 

I LAT_GEOD  s PHI  + DEL_LAT 

! 

I LON  s ARCTAN2(R_EF2,  RJBF^ 

I ALT  s (R-RADJ>)  (1.0-0.50  DEL  DELJ.AT) 


I 

I 

» 


I 

I 


I 

I 

I 


Figure  C-17.-  EF_TO_GEODETIC. 


{ I 

I QEODBTICJTO JSF ( LAT JQEOD , LON,  ALT)  « & JBF  j 

I l 

WHERE 

B.  _EF  IS  CALCULATED  WITHIN  THE  FUNCTION  AS 
CLAT  » COS(LAT_GEOD),  SLAT  * SIN(LATJQEOD) 

DUM  a (1  - ELLIPT)2 

DUM1  S EARTHJADIUSJEQUATOR/  V CLAT2  + SLAT*  DUM 
R_EF_EQUAT  = (DUM1  ♦ ALT) CLAT 

B.  _EF  = (RJBFJBQUAT  COS (LON),  RJSFJSQUAT  SIN (LON), 
(DUM  DUM1  + ALT)SLAT) 


Figure  C-18.-  GEODETIC_TO_EF  FUNCTION. 
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IN  LIST:  £,  i 

I I 

i n « j&mi  i 

I U * (B.  X I)/|I  X II  I 

I 1 * (M  x JUL)  I 

I UVW_70_M50^  TO  3, 1 • I I 

I UVW_T0_M501  to  3,2  * 1 '• 

j UVW_T0_^0,  to  3,3  8 it  I 


I 


Figure  C-19.-  UVW_TO_M50  FUNCTION 


IN  LIST:  qjpIFT¥_BODY 

OUT  LIST:  MAT 
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MATRIX  « QUAT_TO_MAT  (q_FIFT¥_BODY) 

MAT,,,  • -MATRIX,,, 

MAT, f2  * MATRIX2(, 

MAT,  f3  ■ -MATRIX3,, 

MAT2,i  « -MATRIX, ,2 
MAT2,2  * MATRIX2,2 
MAT2,3  « -MATSIX3,2 
MAT3f,  « -MATRIX, |3 
mat3|2  b matrix2,3 
mat3i3  b -matrix3i3 


Figure  C-20 . - SB0DY_T0_h60 . 
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I I 

I QUATJTOJttT(Q)  a A I 

I I 


WHERE  A IS  CALCULATED  WITHIN  THE  FUNCTION  AS 


P2  s 

P3  * 
P4  8 
P5  8 
P6  s 
TEMP 

iy 

Jl’l 

P6  8 
*1 

A2,1 
P5  = 
P6  8 

jh*3 

afI-2 

P6  s 

A2,3 

A3,2 


®2  + ®2 
Qa  + Qa 
Qll  Q 4 
P2 

P4  Q4 

a 1.0  - P3  Qa 
a TEMP-P6 
s 1.0-P5-P6 
s TEMP-F5 
P2  Ch 
P4  Q, 

8 P5-P6 
a P5  + P6 
P2  Q) 

P3  Qj 
a P5  ♦ P6 
8 P5-P6 
P3 

P2  Qi 
s P5-P6 
r P5  + F6 


Figure  C-21 QUATJTO_J!AT  FUNCTION 
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XN,  TO  3 e I .PRBDJNIT  I 

XN4  TO  6 » J£  _PRED_INIT  ! 

HJ7  s 0.  I 

! 1 

1 

\ 

QMDP  « 0 V 

/ 

t 

I 

CALL:  PINE5JCTHOD 

IN  LIST:  ZN,  T_CUR,  QMOP, 

GMDP,  DMP,  VHP, 
ATMP,  TJ>RED_JNIT 
OUT  LIST:  J25RIV,  £ 

- 

I 

I 

& _PRED_/INAL  = Xt  TO  3 I 
1 _PRED_JINAL  * X4  TO  g I 


-r * t-v » r - 


I L 
I 

± 


I i 

.1  T_CUR  a TJPRED_JINAL  -TJPRED_INIT  I 

I 


I \ 

IPREDJSTEP  > DT_MAX  \_ 

I / 


I 


I I 

.IPREDJSTEP  a DT_HAXI 


I 


jTIMEJDEL  * XJPRED_FINAL  - TJ>RED_INIT  j 
|T_CUR  « 0 I 


I \ 

|TIME_pEL  < 0.  > 


.1  I 

IDTJSTEP  = -PRED_STEP ! 


.1 


I 


|DT_STEP  a PREDJSTEP  I 

I ! 


i \ 

IDO  UNTIL 
I |T_CUR-TIME_DEL I 
!i  PREDJTIMEJTCL 

I 

I 

I / 


I \ 

\ 1 IDTJSTEPI  > \ 

\ I 

/ I ITIMEL.DEL-T_.CUR  I 

/ I / 

I / 

I 

I 


I I 

IDTJSTEP  a I 

/ ITIMEJ5EL  -T_CUR  | 

1 ! 


I 

I 

CALL:  RKJJILL  I 

IN  LIST:  ZN,  DT_STEP,  T_CUR,  GMOP,  GMDP,  I 

DMP,  VMP,  ATMP,  TJPRED_INIT  I 

OUT  LIST:  ZN,  T_CUR  I 


Figure  C-22.-  ONORBIT  J»REDICT . 
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IN  LIST:  JSfi,  DT_STEP , TJCUR,  OMO,  QMD,  DM,  VM,  ATM,  T_IN 

OUT  LIST:  2H,  TJ3UR 


i t 

1 TJSTOR  > T_CUR  | 

I I 

I 

I 


I \ 

I DO  FOR  \ 

I J s 1 ' 


I TJCUR  » TJSTOR  ♦ AA^j  DTJSTEP  I 


I CALL:  PINESJ4ETHOD 

i IN  LIST:  JOi,  T_CUR , GMO,  GMD,  DM,  VM,  ATM,  T_IN 

i OUT  LIST:  JJRRIV,  i 


DO  FOR 
L * 1,7 


I P * DTJSTEP  DERIVL  ! 

I XNl  » XNl  + AAj  (P  - BBj  (^)  I 
I QL  s CCj  P + DDj  Q,  I 


Figure  C-23.-  RK_GILL. 
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IN  LIST:  2SN|  TL.CUR,  GMO,  QMD,  DM,  VM,  ATM, 

OUT  LIST:  J2RRXV,  A 


R-3N  a |XN1  jo  3I 
R_JU_INV  a 1./1UN 

SMA  > l./[2.R_JS_INV  - (XN4  xo  6 *»4  TO  tf/timjD] 

Cl  a SORT ( SMA ) /SQRJBMU 
DELTAT  a T_CUR-XNy 


P_IN  « XN,  jo 
HJFINjrEMPjN 


3 '**  TO  6 


MV  a 0. 


I 

I 

I 

I 

I 

I CALL:  F_AND_G 

I IN  LIST:  SMA,  DELTAT,  Cl,  XN1  T0  3,  RJTNJWV, 

I R__FIN_TEMP_IN V , XN4  TO  6,  DJEN,  D_FIN_TEMP 

} OUT  LIST:  F,  G,  FOOT,  GDOT,  SO,  SI,  S2,  S3,  X,  T0  3,  HJINJINV,  THETA 


I 

I 


I I 

I X4  to  6 s FOOT  XN 1 jo  3 + GDOT  XN4  jq  g I 


I 

I 

I 

I 

I 

I T_ACCEL  a T_IN  ♦ T_PUR 

I £ a ACCEL.0N0RBIT  (GMD,  GMO,  DM,  VM,  ATM,  X,  ~ ,,  Xn  T0  6,  T_ACCEL) 
| £ a £ - fi.  ..CENTRAL 
I D_TAU  8 Xj  jo  3.  £ 

1 D_AUX  8 X4  jo  6.  £ 

. 

I 

I 


(CONT'D) 


Figure  C-24.-  PINES_METHOD  (Sheet  1 of  2). 
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(CONT'D) 

I 

I 

1 

I 


C2 

51 

52 
C3 

53 

54 
C4 
C5 

55 


Cl2 
Cl  si 
C2  S2 

1. /C2 
SNA  S2 

2.  S3  D_AUX 

C2  D AUX 

C4  SI 
S2  DJTAU 


I 


DD  * SI  C3  R_JN(SMA  R_JN_JNV-1 .)  ♦ SO  D_IB 

S6  * 2.  S2  C4  DD  + S5  _ _ _M1 

R_JN  TAU  * S4  - C2  SI  DJttJX  DD  - SI  D_TAU 

i R_dTaUX  b R_IN_1NV  IL.IN_.TAU 
| F TAU  » (S3  C3  RJINJIUX  - S4)  R_JN__INV 
| CLTAU  b C5/R_FI»UNV  - S6 
I FDJTAU  s FOOT  (C4-RJNJIUX) 


S GDJTAU  b -S4  RJFlNjtNV 


i DERIV,  to  3 » GDJTAU  X1  TO 

! DERIV4  TO  6 * “FD-TAU  X1 ,TO 
| DERIV-j  = S5  - 3.  C4  SMA  (Cl 

I 


, - G_TAU  X„  to  6 - 0 £ 
% ♦ FJTAU  X4  to  6 ♦ F * 
THETA  - SI)  - C5/R_FINJ 


I 
I 

INJHV  I 

J 


Figure  C-24.-  PINESJ1ETH0D  (Sheet  2 of  2). 


C-46 


79PM10 


APPENDIX  D 

USER  PARAMETER  FLOWCHARTS,  VARIABLE  NAMES, 
AND  DESCRIPTIONS 
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VARIABLES  LIST  DEFINITIONS 
CODE  USED  FOR  VARIABLE  DATA  TYPE 

F:  floating  point  quantity;  an  n-dimensional  floating  point  vector  will  be 

denoted  F(n);  similarly,  an  n x m floating  point  matrix  will  be  denoted  by 
F(n,m) 

I:  integer  quantity;  I(n)  will  denote  an  n-dimensional  integer  vector 

B:  bit,  i.e.,  data  having  only  values  of  0 or  1 

C:  character.  C(n)  will  denote  an  n-dimensional  charaoter  string 

CODE  USED  FOR  VARIABLE  PRECISION 
D:  double  precision 

S:  single  precision;  integer  quantities  are  assumed  single  precision  unless 

otherwise  stated 

VARIABLE  LOCATION 

COMPOOL:  Variable  value  located  in  cotmnon  storage,  accessible  by  all  functions 

LOCAL:  Variable  is  used  by  one  function  only,  and  usable  to  other  functions 

through  call  argument  only 

VARIABLE  INITIALIZATION  CATEGORY 
blank:  display  is  vacant 

C:  constant  (unchanging) 

DD:  design  dependent 

HC:  hard  coded 

MD:  mission  dependent  (I-LOAD) 


PRECEDING  PAGE  jiOT  RLMtD 
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VAK1AULE  INITIAL  VALUE 

Initial  operation  sequenoe  ooaputer  inputs 
VARIABLE  UPLINK  AND  DOWNLIST  STATUS 
UPLINK:  variable  is  an  uplink  itea 

DOWNLIST:  variable  is  a downlist  itea 

UNTTS  DEFINITIONS 

deg:  angular  measurement degrees 

it:  feet 

lb:  pounds 

n.d.:  non-dimensional 

rad : radian 

sco:  time  measurement,  seconds 

slugs:  mass  measurement,  slugs 

vary:  units  have  different  values  which  depend  on  variable  use 
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VARIABLES  LIST 


TVW’Ct 


Variable 

! 

! 

Ccspoci 

t 

i Initial- 

J 

t 

t 

! 

f 

I 

! 

1 

nase 

! Free  is;  or 

or 

! izatlcc 

! Initial 

! Uplink/ 

f 

! 

(M/3  Hi, 

! * type 

• 

local 

t category 
• 

! nine 
! 

! down! 1st 
! 

! 

! 

Units  > 
1 

Description 

AC 

! 

* CP 

f ■i/ 

• 

! 

f 

*oca2 

i 

f 

i 

— 

1 

! 

i 

- 

! 

! 

r 

— 

1 

!ft/*ac2 

l 

? 

fft/sac* 

I 

! 

1 I 

1 Sensed  acceleration  (local  variable  used  in  AVERAGE  G 
l INTEGRATOR)  . 

1 _SOBet> 

(V95AOT02C  -«) 

i 3P 
! 

( » 

1 

f 

ooepoel 

! 

i 

- 

! 

f 

— 

! 

! 

(town!  1st 

! Ratio  of  difference  of  selected  acoeleroseter  readings  to 
1 difference  of  tbelr  tine  tags. 

ATFL_OV 

! I 

i 

cenpccl 

! 

1 

BC 

! 

0 

! 

- 

! Attitude  flag  for  Orolter  and  for  CPP. 

DA_THRESi»XD_I» 

; sr 

! 

local 

! 

- 

i 

- 

I 

- 

» 

trt/sec2 

1 Threshold  raise  for  XKI  acceleration  In  UPP. 

DO.  R TUG 

_(f95B»55C  -70 

i DP 
! 

(3) 

t 

! 

c <opool 

! 

j 

— 

! 

t 

— 

1 

t 

dOVDllSt 

irt 

i 

i 

irt/sec 

« 

! 

1 

! 

1 

1 sec 
! 
f 

lsec 

t 

! rad/sec 
1 

1 

1 

« 

! 

1 

1 H50  sector  fros  Shuttle  to  target. 

DEL  V TARC  t DP 

"(V95L0858C  -600  ! 

'■  3) 

! 

! 

cospool 

1 

• 

- 

! 

1 

— 

! 

J 

dowel  lit 

f H50  delta  velocity  vector  between  Shuttle  and  target, 
f 

EPL_AYG 

! & 

! 

local 

! 

SC 

1 

0 

! 

— 

1 Drag  flag  used  In  average-G  lntegratloa. 

DC  UK  BE»  k«r 
(V90XA765X ; 

! B 

i 

I 

eospeol 

! 

« 

— 

! 

! 

— 

! 

t 

down list 

f Flag  Indicating  whether  rendezvous  navigation  is  active  (OKi 
1 or  ooorbit  navl^tion  is  active  (CFP). 

DTK 

! SP 
! 

! 

1 

local 

t 

! 

— 

1 

1 

— 

i 

! 

— 

! Step  size  for  state  vector  advancement  (local  variable  used 
1 In  APSRUSjE.ISTSaUTOR) . 

DT_IMU 

! SP 

! 

local 

! 

— 

! 

- 

! 

— 

! State  Tec  tor  average -G  integration  tlse  step. 

EARTH  JIATE 

1 CP 

« 

cospool 

i 

c 

f 

- 

i 

— 

1 Rotation  rate  of  Earth  la  radians  per  second. 

mat  60s 

(T90I86AM) 

! 3 
1 

1 

! 

cospool 

I 

! 

- 

! 

! 

EWP 

S 

1 

down list 

t Transition  fro  GPS  8 to  OPS  3. 
1 

event  ei 

!V90X8l6*Xj 

! B 
I 
! 

! 

! 

! 

! 

COMpOCi 

i 

i 

i 

« 

f 

f 

t 

1 

(TP 

i 

i 

i 

! 

down! 1st 

! Transition  to  MCOl  fros  MQOI  event  flag. 
1 
1 
1 
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VARIABLES  LIST 


Variable 
name 
(M/S  IB) 


Preciaiar 
4 type 

f 

! Coapool 
! or 

! local 
! 

Initial- 

ization 

category 

Initial 

value 

! 

! 

t Uplink/ 
l downlist 
! 

8 

1 

t coapool 
! 

- 

OFF 

* 

1 downlist 
1 

B 

! 

1 coapool 
1 

- 

<PP 

! 

1 downlist 
1 

B 

! 

1 coapool 
! 

- 

OFF 

| 

1 downlist 
1 

B 

1 

1 coapool 
I 

- 

off 

1 

1 downlist 
f 

B 

1 

1 coapool 
1 

— 

arr 

! 

1 downlist 
1 

B 

1 

1 coapool 
1 

- 

CPF 

! 

1 downlist 
I 

B 

l 

1 coapool 
I 

_ 

OFF 

! 

t downlist 
1 

B 

1 

1 coapool 
! 

- 

<FP 

1 

1 downlist 
! 

B 

! 

1 coapool 
f 

- 

OFF 

1 

( downlist 
1 

r 

J 

1 coapool 
l 

DD 

2 

! 

r 

X 

! 

1 coapool 

DO 

0 

i 

! 

DP  (3) 

I 

I local 
1 
I 

- 

- 

! 

1 

I 

Unite 


Description 


EVEKT__60 

(V90X8i89X) 

EVENT  60A 

(V90X3 1601) 

EVENT  60B 

(V90XB6L'I) 

EVENT  67 

(?90X86A6X) 

EVENT  69 

(V90X8191X) 

EVENT  73 

(V99X8200X) 

EVENT  83 
(TBD) 

EVENT  84 

(V90X81S8X) 

PILT  UPDATE 
TV90X022AX) 

GMDBG  LOU 

(V96U9118C) 

CM  ORD  LOW 

(V9609120C) 

OH 


ft/sec 


Transition  to  HH201  froa  Wit06  event  flag. 

Transition  to  M4201  f roe  OPS  8 event  flag. 

Transition  to  OPS  8 from  (W201 . 

Transition  froa  Mf20l  to  M4202. 

Guidanoe  initiate  event  flag. 

Transition  to  HN20’.  froa  M4202  event  flag. 

Transition  Troa  MC01  to  OPS  00. 

Transition  to  MH201  froa  OPS  00  event. 

Flag  indicating  the  availability  of  a filter  updated  state. 
Prestored  value  of  potential  oodel  degree  indicator. 
Prestored  value  of  potential  model  order  indicator. 


Gravitational  acceleration  (local  variable  used  in 
AVERACZ  0 INTEGRATOR) . 
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| 

f 

! 

t 


O 

I 

to 


Variable 
naee 
(H/S  ID) 


Precision 
A type 


Coapool 

or 

local 


Initial- 

ization 

category 


Initial 

value 


Uplink/ 

downllst 


Units 


CR1 


IMJ_NAV  ACCEL  THRESH 
(V93A6710C) 


(60  TO  EF 


OPS  2_OR_8  INITIALIZE 
COMPLETE 

(V90X12A2X) 

R AV 


R AVGG 

(V95H0185C  -7C) 
R 

~ (V95H0155C  -7C) 

R _RBSET 

(V90H0235C  -7C) 

R TARGET 
” (V95H0862C  -HC) 

R TV  RESET 

IV90H1383C  -50 

T_K0 

(V95H0901C) 


DF  (3) 

SF 

DF  (3,3) 
B 

DF  (3) 

DF  (3) 

DF  (3) 

DF  (3) 

DP  (3) 
DF  (3' 

DF 


local 

coapool 

local 

coapool 

local 

coapool 

coapool 

coapool 

coapool 

coapool 

coapool 


— Ift/seo2 


I 


K> 


592 


downllst  |Dg 


downllst 


downllst 


downllst 


tft 
! ft 
(ft 

irt 

(ft 
ift 
I sec 


Description 

Gravlts  lonal  acceleration  (local  variable  used  in 
AVBRAGE_0_INTBGRATOR) . 

INU  Navigation  acceleration  threshold  value  in  ug's. 


Mean  of  1950  to  Earth-fixed  Greenwich  coordinate 
transformation  aatrlx. 

Signal  to  HSC  indicating  that  initialization  of  user 
paraaeter  state  propagation  is  complete. 


Position  vector  (local  variable  used  in  AVERAGE  0 
INTEGRATOR) . 

Current  Orbiter  position  vector  updated  by  user  parameter 
propagator. 

Orbiter  position  vector  in  Barth-fixed  coordinates. 


Copy  of  filter  updated  Orbiter  position  vector  for  user 
paraaeter  propagator  reset. 

Position  veotor  of  the  target  vehicle  updated  by  the  user 
paraaeter  propagator. 

Copy  of  filter  updated  target  position  veotor  for  user 
paraaeter  propagator  reset. 

Current  tine  tag  snapped  froa  the  IMB  SOP  (110  SOP  naoe 
T_IMUS_CA  M/5  ZD  V95W0002C) . 


I 

J 
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Variable 

I 

1 

1 

! 

Coapool 

1 

1 

Initial- 

! 

! 

1 

1 

1 

1 

1 

1 

name 

I Precision 

1 

or 

1 

ization 

i 

Initial 

1 Uplink/ 

I 

t 

(M/S  ID) 

! & type 

f 

1 

t 

local 

t 

1 

category 

I 

! 

value 

1 dounllst 
1 

I 

I 

Units  1 
1 

Description 

! 

!T_RBSET 

! " (V90H1386C) 

I 

IT_SBC  Off 
I (V95H3890C) 

I 

IT  STATE 

I ~ (V95M0200C) 

I 

lOPPJiSEMI  DATA 
I -(V95XOU09X) 
t 

IV 

r 

1 

IT 

r 

1 

IV  EF 

r ~ 

IVFLTVPRED 

1 

I 

IV  MISHAP 

l~  " (V95L0898C  -900C) 

I 

IT  I HU  OLD 

l~  (V95L0210C  -50 

I 

IT  Ml  RESET 

I-  “ (V90L0247C  -90 

I 

IV  RESET 

r (T90L0239C  -41C) 


AT 


AVOO 

“ (V95L0190C  -20 


I 

I DP 

I 

I 

I OF 

I 

I 

I DP 

I 

I 

I B 

I 

I 

1 DP  (3) 

I 

I 

1 DP  (3) 

I 

I 

I SF  (3) 

I 

I B 

I 

I 

I DF  (3) 

I 

I 

I DF  (3) 

I 

« 

1 DF  (3) 

I 

I 

! DF  (3) 
I 


com  pool 

coapool 

ooopool 

co spool 

local 

00  spool 

local 

conoool 

coapool 

ooopool 

coapool 

ooopool 


IT 


<FF 


down list 
do uni 1st 


doanllst 


He 


doanllst 


doanllst 


I sec 
laeo 
■ see 

I ft/sao 
1 f t/seo 
1 ft/sec 

I ft/sec 
If t/seo 
I ft/sec 
I ft/see 


Copy  of  tins  tag  of  filter  update  of  state  vectors  for  user 
paraaeter  propagator  reset. 

Tine  In  seconds  since  Qreenaloh  sidnight  of  the  reference 
day. 

Tine  tag  for  current  user  paraaeter  state  vector. 


Flag  Indicating  I Ml  data  are  to  be  used  In  Integration  (OH) 
In  UPP. 

Velocity  vector  (local  variable  used  In  AVERAGE  G 
INTEGRATOR). 

Velocity  vector  of  Orblter  updated  by  the  user  paraaeter 
propagator. 

Orblter  velocity  vector  In  Barth-rixed  coordinates. 

Venting  flag  for  target  vehicle  prediction  and  for  UPP 
state  prop. 

Currant  snapped  aoouaulsted  THU  velocity  obtained  froa  the 
I MU  SOP  (IK!  SOP  naae  V _IHO_CURRBHT  M/SID  V90L2557  -9C). 


Previous  acouaulated  I MO  veloaity. 


Copy  of  IMD  acouaulated  sensed  velocity  for  user  parameter 
propagator  reset. 

Copy  of  filter  updated  Orblter  velocity  vector  for  user 
paraaeter  propagator  reset. 
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VARIABLES  LIST 


Variable 

! 

t Cots  pool 

1 Initial- 

! 

1 

1 

naae 

1 Precision 

1 or 

t lzation 

! 

Initial 

I Uplink/ 

I 

(H/S  ID) 

1 4 type 

! 

! local 

! category 
! 

! 

! 

value 

1 tJownlist 
! 

! Units 
! 

V 

RHO  EP 

! 

! DF  f 3) 

1 ocopool 

! 

1 

! 

1 

i 

1 ft/sec 

CV95L388*(C  -60 

i 

1 

! 

1 

1 

? 

TARGST 

! DP  (3) 

! coopool 

! 

1 downllat 

1 ft/ sec 

( V95L0B67C  -90 

! 

1 

1 

! 

1 

? 

TV  RESET 

! DP  (3) 

I 00*  pool 

! 

tft/seo 

(T90L1380C  -20 

1 

1 

t 

1 
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(TRANS  TO  MM201  FROM  OPS-1,  OPS-3, 
OR  OPS-8) , (TRANS  TO  OPS-8  FROM 
MM201 ),  OR  (OPS-2  FROM  OPS-OO) 

i 

79FM10 

1 \ 

1 SCHEDULE: 

ONORBIT_REND_USER_PARAM_ 

1 EVENT_60,  CR  \ 1 \ 

1 EVENT_E1 , OR  \ i OPS_2_OR_8_  \ 

1 

1 

STATEJPROP 

1 EVENT_60A,  OR  \ 1 INITIALIZE.  V_ 

I EVENT_60B,  OR  / 1 COMPLETE  / 

“l 

REPEAT  EVERY  1.92  SEC 

1 EVENT_84  / 1 = ON  / 

1 

* 

1 /I  / 

1 SCHEDULE: 

ONORBIT_USER_PARAMETER_ 

1 / 
1 

l 

CALCULATIONS 

i 

I 

i 

1 

1 

I 

REPEAT  EVERY  1.92  SEC 

I I I 

I \ I CANCEL:  ONORBITJ)END_USBILPARAHJ3TATEJPROP  | 

I EVENT_73  \ I I 

I (TRANS  TO  KW201  \ I SCHEDULE:  ONORBIT_REND_USER_PARAMJSTATEJPROP 

I FROM  M1202)  / i I 

! / i REPEAT  EVERT  1.92  SEC  I 

I I \ I 


\ 

I 

I 

I \ 

I EVENT_69  \ 

I (INITIATE  \ 

I GUIDANCE)  / 

I / 

I / 


I 

I 


CANCEL : 0N0RBIT-_REND_USER—PARAMJ5TATR_PR0P  * 

SCHEDULE : ONORBIT_REND_USER_PARAMJSTATELPROP 

REPEAT  EVERY  0.96  SEC 


•THE  PURPOSE  OF  THIS  CANCELLATION  AND  RESCHEDULING  IS  TO  SYNCHRONIZE  THIS  MODULE 
WITH  THE  EXECUTION  OF  ONORBIT  GUIDANCE,  WHICH  IS  TO  BEGIN  COMPUTATIONS  AT  THIS 
TIME. 


Figure  D-1.-  ONORBIT_REND_UPP_SEQ . 
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SNAP  (£  JIMUJSNAP,  T_JMU) 


I 


I \ I £ _AVGG  * £ .RESET 

I FILTJUPDATE  \ | 1 _AVGG  = S.  .RESET 

I /IS.  MIL-OLD  « I .JMU.RESET 

| / I T_STATE  s T_RESBT 

I I 


± 


I i JM'OJSNAP  - 1 JMILOLD  | 

I A _jSENSED  = — ■■■ | 

I DTJMU  I 


I I 

I DT_JMU  > T_JMU-TJSTATE  I 


I. 


I \ 

I PWRD.FLTJJAV  >- 

I / 

I 


± 


I Ia  ^sensed  I > \_ 

! DA_TH RESHOLD_IMU  / 


_J  I 

! 1UPP_USE_IMUJ)ATA  > ON  } 


.1 


UPP_USEJ1MU J)ATA  r OFF 
I A JSENSED  = fl. 


I I I 

I _l  OPP_USE_JMU_J)ATA  > OFF  I 
IA  .SENSED  = SL.  I 

i I 


_L 


I. 


CALL:  AVERAGSJLJNTEGRATOR  I 

IN  LIST:  A JVVGG,  S.  _AVGG,  DT_JMU,  A JSENSED,  TJSTATE,  TJLMU  | 

OUT  LIST:  £ .JWGG,  X _RVGG  J 


.1 


I \ 

doing.rend _nav  \_ 
/ 

/ 


FILT_UPDATE  \ 
/ 

/ 


.1  A .TARGET  * A .TVJ?ESET  I 
I I .TARGET  * 1 .TV.RESET  I 
I I 


I I 

i A JSENSED  s 0.  | 
! I 


(CONT’D) 


(CONT'D) 


Figure  D-2.-  ONORBIT_REND_USER_P ARAMJSTATE_PROP  (Sheet  1 of  2). 


.1 


I I 

I DAJTHRESHOLDIMU  * IMUJJAVjiCCEL_THRESH  | 
I (GO  10*6)  / DTJ[MU  I 

I I 


( ) 


| 


J 


J 
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(CONT'D) 


(CONT'D) 

I 
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I I 

I CALL:  AVERAQRJLINTEGRATOR  | 

1 IN  LIST:  R .TARGET , 1 .TARGET,  DT_JMU,  A.  _SBNSED,  TJSTATE,  T_JMU  | 

I OUT  LIST:  R .TARGET , Jl  ..TARGET  | 

I I 


} TJSTATE  * T_JMU 
! 1 JLMIL.OLD  a 1 _IMU_jSNAP 
I FILT_UPDATE  a OFF 

I 


Fl&ure  D-2.-  ONORBIT_REND_USER_pARAM_STATB_PROP  (Sheet  2 of  2). 
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IN  LIST:  A _AV,  X_AV,  DTI  MB,  AC,  TJSTATB,  T.JMU 

OUT  LIST:  A-AV,  X_AV 


» % 

i AP  « ACCEUjONORBIT  (OHJJEGLLOW,  OMJORDJLOW,  DFLJkVQ,  VFLTVJ»RBD,  ATPLJ3V , \ 

I A JIV,  XJIV,  TJSTATB)  I 

I A JW  • A JIV  ♦ DTIME  Cl  -AV  ♦ 0.5  DTIMB  (AC  ♦ AP)J  t 

I API  « ACCBU.0N0RBIT  (OK_DBCLLOW,  GH_ORDJLOW,  DFL_AVQ , VFLTVJPRBD,  ATFLjOV,  { 
I AJIV,  X_AV,  T_JMU)  } 

I 1 -AV  s 1 J(V  ♦ DTIME  [AC  ♦ 0.5  (AP  * APD3  I 

I I 


Figure  D-3.-  AVERAGE_G_JNTEGRATOR . 
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INS  I 

ID0INQJBNDJ1AV  \ | fi&JL-TARO  * I .TARGET  -£  JVCXJ  | 

I / I UEUJLJARG  ■ I .TARGET  -£  JlVGG  | 

I / I I 

I 

I 

I 

I I 

I M50JT0.EF  b EARTHJ?IXED_TO_M50_COORD(TJ5TATE)T  I 

I I 

I 

I 

I 

I I 

! 1 JF  « M50_T0_£F  £ JlVGG  j 

I JL  JSF  b M50JT0JEF  £ JIVGQ  I 

I VJWO_£F1  b VJEP,  ♦ BARTHJIATE  ILSF2  I 

I VJlHO_EF2  b VJJP2  - BARTHJIATE  RJJF-|  | 

I VJWOJBF3  b VJSFj  I 


I 

I 

I 

I I 

I TJSECJ3MT  « T.3TATE  I 


Figure  D-U.-  ON  OR  B I T_US  Efi_PA  R AMETER.CALC UL AT I ONS . 


D-19 


79FM10 


APPENDIX  fi 


UNDINO  SITE  UPDATE  PRINCIPAL  FUNCTION 


FLOWCHARTS  AND  NAME  DESCRIPTIONS 


79FM10 

VARIABLES  LIST  DEFINITIONS 
CODE  USED  FOR  VARIABLE  DATA  TYPE 

F:  Floating  point  quantity.  An  n-dimensional  floating  point  vector  will  be 

denoted  F(n).  Similarly,  an  n x m floating  point  matrix  will  be  denoted 
by  F(n,m). 

I:  Integer  quantity;  I(n)  will  denote  an  n-dimensional  integer  vector 

B.  Bit,  i.e.,  data  having  only  values  of  0 or  1 
C:  Character;  C(n)  will  denote  an  n-dimensional  character  string 

CODE  USED  FOR  VARIABLE  PRECISION 
D:  Double  precision 

S:  Single  precision;  integer  quantities  are  assumed  single  precision  unless 

otherwise  stated 

VARIABLE  LOCATION 

COMPOOL:  Variable  value  located  in  common  storage,  accessible  by  all  functions. 

LOCAL:  Variable  is  used  by  one  function  only,  and  usable  to  other  functions 

through  call  argument  only 

VARIABLE  INITIALIZATION  CATEGORY 

blank:  Display  is  vacant 

C:  Constant  (unchanging) 

DD:  Design  dependent 

HC:  Hard  coded 

MD:  Mission  dependent  (I-LOAD) 

VARIABLE  INITIAL  VALUE 

Initial  operation  sequence  computer  inputs 


i 
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VARIABLE  UPLINK  AND  DOWNLIST  STATUS 

UPLINK:  Variable  is  an  uplink  item 

DOWNLIST:  Variable  is  a downlisfc  item 

UNITS  DEFINITIONS 

deg:  angular  measurement,  degrees 

ft:  feet 

lb:  pounds 

n . d . : non-dimensional  - 

rad:  radian 

sec:  time  measurement,  seconds 
Slugs:  mass  measurement,  slugs 

Vary:  Units  have  different  values  which  depend  on  variable  use 
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Variable 


! 


r 


10 


t Variable 

1 

1 Compool  1 

Initial- 

!  name 

1 Precision  1 or  ! 

ization 

! (M/S  ID) 

! 

! & type 
» 

1 local  1 
i 1 

category 

! 

! ALT  ABOVE 

! 

! SF( 10) 

! I 
1 compool  ! 
! ( 

M> 

I ELLIPS0ID(1)_0 

I 

! 

! 

! SF(50) 

1 

! ALT  ABOVE  ELLIPSOID 

! ! 

! compool  1 
I 1 

H> 

! iif 
• 

! 

f 

1 ALT  MLSEL 
! 

1 

! SF(V) 
! 

I ! 

I compool  ! 
t ! 

to 

1 

! ALT  MLSEL(I)  G 

j ” 

! 

1 SF 

1 

! ! 
1 compool  ! 

M> 

! ALT_MLSBL(2)  0 
| 

I 

! SF 
1 

! SF(k) 
! 

! 

! 

1 SP 

t ! 

! coapool  ! 

K> 

! ALT  US  R AZ 
t " 

1 

I ! 
1 compool  1 
! 1 

M> 

1 

! ALT  MLS  R AZ(  1)  0 
} — 

! f 

! ! 

I compool  l 

1 t 

to 

! ALT_MLS_R_AZ(2)  0 
! " 

I SF 

1 

{ I 

1 coapool  1 

to 

! ALT  ROT  KAXI  SELECT 

! SI 

! ! 
1 coapool  1 

M) 

t 

! 

! 1 

! BIAS  AZMS 
| ~ 

I SF(«) 
! 

! SF 

i aoapool  t 

1 e 

to 

! BIAS  AZILS(I)  0 

1 I 

! compool  1 

to 

! 

! BIAS  AZILS(2)  0 
! 

1 

! SF 
! 

! SF(A) 
! 

1 I 
t coapool  ! 
1 1 

to 

1 BIAS  ELMS 
( 

I I 

! coapool  ! 
1 ! 

to 

! 

1 BIAS  ELMLS(I)  0 
1 

! 

! SF 
S 

! 1 
! coapool  I 

to 

» s t 

* ! ! i 


Initial 

value 


Uplink/ 

downlist 


Description 


ft 


Height  of  TACAN  site  above  reference  ellipsoid  in  maxi  and 
nlnl  tables. 


ft 


ft 

ft 

ft 

ft 

ft 

ft 

ft 

red 

red 

red 

red 

red 


Geodetic  altitude  of  KSBLS  elevation  antenna  location  for 
primary,  secondary,  and  aaxi  table  landing  sites. 


Geodetlo  altitude  of  the  KSBLS  range/azlauth  antenna 
location  for  primary , secondary,  and  nasi  table  landing 
sites. 


Runway  selection  index  from  maxi  table  for  alternate  runway. 

M9BLS  azimuth  data  bias  for  tbs  primary,  secondary,  and 
aaxi  table  landing  sites. 


(CBLS  elevation  data  bias  for  tbs  primary,  secondary,  and 
oaxl  table  runway  sites. 


1 } 


1 


E-10 


Variable 
nan- 
(H/S  ID) 


Precision 
A type 


BIAS  ELHLS(2)  0 

1 

SP 

1 

! cc*pool 

1 

l 

HD 

BIAS  MLS  HAS  GK 

" 

t 

! 

3F(4) 

1 ccaipooi 
1 

J 

i 

W 

BIA3_ML3«AiraEf1)_0 

t 

! 

5P 

! 

! ooopool 

t 

i 

K> 

BIAS_»tSBA«CE(2)_0 

! 

SF 

1 oorepool 

t 

M> 

BIAS_?AC_8HG 

f 

SP< 10) 

! coapool 

i 

K) 

9IAS_7AC_H 

! 

SP( 10) 

I oospool 

t 

M> 

EL  SCAMMER  BEARING 

_ 

! 

1 

3P(X) 

f oospool 
f 

i 

i 

M> 

1 

EL  SCAB HER  B2ARDWO)! 

SF 

I 

! CGBpOOl 
! 

! 

1 

H> 

_0 

I 

i 

EL  SCAMMER  BEARIMG(2)I 

SP 

! oospool 
! 

! 

HD 

JD 

f 

! 

ITEH1J3I 

t 

t 

f 

( 

B 

1 coapool 

f 

ITEK>_IM 

B 

1 coapool 

1 

ITEH3_IH 

! 

8 

1 coapool 

i 

LATITUDE  (ZODETICO) 

1 

SF{  W) 

f o<*pool 
! 

1 

1C 

0 

i 

l 

! 

i 

t 

LATITUDE  CECOBTIC 

1 SP(  50) 

! ooepool 
1 

i 

HD 

mu 

LAT_KL3EL 

1 

SP(A) 

! caepool 
1 

f 

! 

Initial- 

ization 

category 


79PH10 

VARIABLES  LIST  I 

I 

t 


Initial  t Uplink/ 
value  l down  list 


Units 


rad 


ft 


ft 

ft 

rad 

ft 

red 


rad 


rad 


Of? 

Off 

Off 


rad 

rad 


rad 


T 


Description 


KSBLS  range  data  bias  for  tbs  prinary  and  secondary  east 
table  landing  sites. 


Bias  In  TACAM  bearing  In  uaxi  and  aim  tables. 

Bias  In  TACAM  range  in  naxl  and  aloi  tables. 

Bearing  f roe  true  north  of  MS  elevation  scanner  boreslgit 
axis  free  taxi  tables. 

KSBLS  elevation  antenna  boresight  for  priaary  landing  site. 

tSBLS  elevation  antenna  boresight  for  secondary  landing 
site. 

Kaxl  to  prlaary  runway  transfer  discrete. 

Kaxl  table  to  secondary  runway  data  transfer  discrete. 

Maxi  table  to  alternate  runway  data  transfer  discrete. 
Geodetic  latitude  at  TACAM  site  free  saxl  and  alnl  tables. 


Geodetic  latitude  of  MBBL8  elevation  antenna  tram  saxl 
tabla.  _ _ 


! 

! 

I 

! 

! 

! 

J 

• 

I 

l 

t 

* 

I 

I 

t 

l 

I 

t 

f 

! 

! 

! 

! 

I 

t 

i 

i 

i 

t 

t 

i 

i 

i 

! 

f 

I 

I 

t 

! 

f 


Bfr*'  - J .MC-'fr-,-*, 


Tr>  *rv' 


-,*>,*** ' 


J 


79FM10 


VARIABLES  LIST 


1 Variable 

| r>>a<i 

! (M/S  ID) 

Free' slon 
* type 

r t 

t Cat  pool  f 
! or  ! 

! local  1 
I r 

Initial- 

ization 

category 

1 Initial 
1 value 

t 

1 

1 Uplink/ 
t downllst 
1 

i 

! 

f 

t Units 
t 

f 

t 

t Description 

t 

! LAT_KLSEL(1)J> 

SP 

1 ! 

I ooapool  ■ 
1 1 

» 

t 

1 

t 

t 

1 rad 
1 

t 

1 Geodetic  latitude  of  tlw  HSBL8  elevation  poteana  location 
1 for  the  prlaary  and  secondary  landing  alteo. 

1 UT_MSEL(2)_0 

SP 

1 ooapool  1 

M> 

1 

I red 

1 LAT_HLS_fl_AZ 

3P(A) 

( ooapool  ! 
! 1 

M3 

t 

t 

1 rad 
1 

I Latitude  of  H38LS  range/azlautb  scanner  site  free  as cl 
I table. 

! LA7_ML3J»_A2(  1 ) _0 

SF 

1 coapool  I 
1 ! 

to 

1 

1 

1 rad 
1 

1 Geodetic  latitude  of  r-ange/aziautb  HBBLS  antenna  location 
1 for  the  prlaary  and  secondary  landing  altee. 

f 

! LAT_MLS_R_AZ  < 2 )_0 

SP 

1 coapool  1 

H> 

1 

1 red 

1 

! LOhGITUDE_EJI3T(1)_0 

3P(  10) 

1 ooapool  1 

to 

1 

1 red 

1 Geodetic  longitude  at  TACA*  site  in  aasl  aid  adnl  tables. 

! L0*H7UDE_EA3T_MAXI 

SF(50) 

1 ooapool  1 

to 

1 

t rad 

1 

! LO«C  MLSEL 

SP(H) 

! ooapool  1 
1 1 

to 

I 

t 

1 rad 
1 

1 Geoetlc  longitude  of  the  MSBLS  elevation  antenna  free  aasl 
1 table. 

1 LQMG_MJSELO)0 

j 

SP 

1 coapool  t 
» ! 

to 

1 

1 

! rad 
1 

t Longitude  of  the  MSBLS  elevation  antenna  location  for  the 
1 primary  and  soooodary  landing  sitae. 

! UXG_MSEL(  2)_  / 

SP 

1 ooapool  1 

to 

1 

! red 

» , JgGJtLE  .R.AZ 

SP(  A) 

t ooapool  ! 
! 1 

to 

1 

i 

! 

1 rad 
! 

1 Longitude  of  ISBLS  range/ szlauth  scanner  site  from  ml 
I table. 

1 LidW_HL3JI_AZ(1)_0 

SP 

1 ooapool  1 
! 1 

to 

! 

t 

1 rad 
t 

a 

( Longitude  of  range/sziauth  MSBLS  antenna  location  for 
1 prlaary  and  secondary  landing  altee. 

! L£*G_MLS_R  AZ(2)_0 

SP 

1 coapool  1 

to 

! 

I red 

1 

i MAGNETIC  VARIATIOB! 
1 0 

1)1 

3P(1 0) 

1 ooapool  l 
t 1 

to 

t 

t 

I red 

t 

I Magnetic  variation  of  TACA*  site  in  aazl  aid  aini  tables. 

t 

ll 
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VARIABLES  LIST 


Variable 
name 
lX/S  ID) 


Prclsion 
A type 


Cat  pool 
or 

local 


Initial* 

lzatlcn 

category 


Initial 

value 


Uplink/ 

downllst 


NAGMBTIC  VARIATION 
HAM 

! 

! SF(5Q) 

1 

1 1 

! c copool  1 
! t 

H> 

! 

1 

1 

- 

! 

1 

1 

- 

1 

1 rad 
1 

t 

1 

f 

HS_AVAIL(  1 )_0 

! B 

! coapool  1 

M> 

f 

- 

1 

- 

t MSB  IS  available  discrete  for  primary  and  secondary  runways. 

HS_AVAIU2)_0 

t B 
! 

! 3F( 10) 
! 

! coapool  ! 

K> 

1 

- 

! 

- 

I 

HSL  ABOVE 
ELLIPS0ID(1)_0 

! coapool  1 
! 1 

K> 

f 

f 

- 

t 

i 

- 

1 ft 
! 

! HSL  correction  to  reference  ellipsoid  at  tte  TACAB  site  In 
1 aaai  and  ainl  tables. 

»L  ABOVE  ELLIPSOID 

ma 

! SP( 50) 
! 

! coapool  ! 
! ! 

H> 

t 

I 

- 

! 

! 

- 

! ft 
! 

1 

1 

R _AZ_RADA»  BEARING 

t SF(A) 
t 

I SP 
! 

1 coapool  1 

K> 

f 

- 

! 

- 

• rad 

! 

R AZ  RADAR  BEARISH  1 

_0 

1 coapool  1 
! ( 

M> 

1 

1 

- 

f 

1 

- 

I rad 
1 

! K3BLS  azimuth  borealgjit  relative  to  true  aorta  for  tbs 
1 primary,  secondary,  and  nasi  table  rumeys. 

R AZ  RADAR  BEAROR(2M  SP 
10"  1 

1 coapool  ! 
1 t 

K> 

! 

1 

- 

1 

! 

- 

1 rad 
1 

! 

! 

mnui  alt 

! 

I SFM8) 
{ 

1 t 
1 coapool  ! 
I t 

J® 

i 

i 

i 

- 

i 

i 

i 

- 

1 

! ft 
1 

t 

1 Altitude  above  reference  ellipsoid  of  noway  reference  point 
! for  maxi  table  runways. 

BUBKAT_»* 

! C(l8) 

! coapool  1 

» 

i 

- 

• 

- 

! Base  of  landing  site  frea  asxl  table. 

RWWT_HAfC(3l_0 

I c 
! 

1 C 

! coapool  1 

M> 

! 

- 

! 

- 

! Base  of  landing  site  free  ainl  table  for  alternate  runway. 

P0RMAT_»*(  1 )_0 

t coapool  1 

1 

- 

1 

- 

I 

RUBRaT  BAW(2)  0 

1 c 
! 

1 

! SP 
1 

1 ocapool  1 
1 ! 

W 

1 

1 

- 

! 

! 

- 

1 

1 Bane  of  landing  site  frea  aim  table  for  primary  and 
1 secondary  runways. 

RUN  HAT  ALT(  3)  0 

“ 

1 coapool  1 
! 1 

W 

! 

1 

- 

1 

1 

- 

1 ft 
1 

1 

I 

Units 


Description 





tee. 
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VARIABLES  LIST 


! Variable 

t 

I 

t 

1 CcOpOOl 

! 

1 

Initial- 

! 

1 

i 

i 

! naae 

! Precision 

! or 

! 

lzatlon 

1 Initial 

1 Uplink/ 

i 

! !H/S  ID) 

! * type 
! 

! local 
1 

1 

! 

category 

! value 

! downliat 
! 

Units 

1 Description 

1 

1 RUM  MAT  ALTO)  0 

! 

1 S F 

i 

1 CQBpOOl 

f 

1 

K> 

| . 

i 

rt 

I 

1 Altitude  above  reference  ellipsoid  of  runway  reference  point 

! 

! 

! 

i 

1 for  prlaary,  secondary,  and  alternate  runways. 

I m«UIAT_ALT(2  )_0 

f SF 

I coapool 

! 

» 

t 

rt 

! 

! RV_ AZIMUTH 

1 SP(18) 
1 

I CCBpOOl 
! 

f 

! 

tt 

1 

i 

rad 

1 Bearing  fron  true  north  of  runway  coordinate  syatea  «X 
1 axis  for  sail  table. 

! HU  AIIHJTHf  3)  0 

t SP 

1 coapool 

i 

H> 

| . 

rad 

! Bearing  fron  true  north  of  runway  coordinate  syatea  *X 

! 

f 

I 

! 

1 for  prlaary,  seoondary,  and  alternate  mnaiya. 

! HW_AZIMBTHn)_0 

1 SP 
! 

! SP 

1 cos  pool 

i 

H> 

* 

rad 

1 

! RV_AZIHmK2)^0 

! coapool 

t 

H> 

1 

rad 

1 

1 jwica 

1 SFC  18) 
1 

1 

• coapool 
« 

t 

i 

W 

» 

i 

rt 

1 fBL  correction  to  ellipsoid  at  nanny  site  for  aaxi  table 
I runways. 

I RP_D6LH(?)_0 

Isp 

! 

1 oaarool 
! 

! 

1 

W 

1 

i 

rt 

! FSL  correction  to  ellipsoid  at  runway  site  Tor  prlaary, 
1 seoondary,  and  alternate  runways. 

1 fWJ)ELH(l)J) 

1 SP 
1 

1 3f 
I 

1 SPt  18) 

1 coapool 

t 

» 

1 

rt 

! RH_DELHC?)_G 

1 copool 

1 

K> 

1 

« 

t 

! RW_LATj 

1 ao*  pool 

! 

W 

t 

rad 

! Geodetic  latitude  of  Ith  runway  in  said  table. 

i mr_LAT(3>_o 

1 3P 

! coapool 

r 

M> 

| 

red 

1 Geodetic  latitude  of  prlaary,  secondary,  and  alternate 

t 

1 

I 

i 

t runways. 

I HH_uAT(1)_0 

1 SP 
t 

! SP 
1 

I 5P(18} 

1 

! 

1 coapool 

! 

K> 

! 

rad 

1 

! w_lat;2)_o 

I coapool 

! 

H> 

! 

rad 

( 

f W_LU»i 

1 coapool 
« 

1 

t 

! 

! 

HD 

1 

r 

t 

rad 

! Geodetic  longitude  of  Ith  runway  in  aaxi  table. 
I 
| 

»jI-3 


79FK  J 


Variable 

f 

1 COBpOOl  1 

Initial- 

1 

t 

! 

naae 

! Precision 

1 or  ! 

ization 

1 Initial 

i Uplink/ 

! 

(H/S  ID) 

! & type 

J 

! local  1 
t ! 

category 

1 value 
1 

f dounllat 
» 

Unite 

1 Description 

1 

BW_L0H(3)_0 

? 

1 SF 
1 

4 f 

> ccapool  1 
t t 

» 

1 

1 

t 

) 

rad 

! 

! G’KxSetic  lonsltvxSe  of  primary,  seooodary,  and  alternate 
I runways. 

m»_L0H(1)_0 

I SF 
! 

I SF 

f 

t ccapool  l 
2 | 

H> 

« 

f 

rad 

f 

W_L0N(2)_O 

t ccapool  1 

1 t 

W 

I 

9 

9 

9 

rad 

f 

a 

mfJMGJTA* 

1 SF( j8) 

» 1 

! ccapool  1 

K> 

Z 

Z 

rad 

I 

1 Angle  of  aagnetic  variation  frea  true  north  at  aaxi  table 

t 

1 

l 1 

( l 

I 

) 

f 

| 

1 runways . 

RbHAGV*R(3>_0 

I SP 
1 
1 

1 ccapool  I 
1 ! 

I a 

H> 

1 

a 

1 

rad 

t Angle  of  aegnetle  variation  froa  true  north  at  priaary, 
1 secondary,  and  alternate  alni  table  runueys. 

HV_NAO_VA*(  1 )_0 

! SP 
1 

1 I 

1 ccapool  1 

f a 

W 

I 

| 

I 

9 

rad 

1 

! 

9 

HNMAGjrAB<2)_0 

! SP 
| 

1 ccapool  1 
1 1 

W 

| 

I 

| 

rad 

I 

t»cjui_:d 

! 3I(  10) 

1 ccapool  I 

HD 

1 TACAH  enamel  metier  Tram  aaxi  and  aim  tables. 

! 

1 1 

* 

f 

1 Positive  for  x-aode 

T*CM_ID_I»XI 

! 31(50) 
! 

1 ccapool  1 
1 1 

N> 

| 

| 

- 

! Negative  for  y-uode 

I 

XDMEAZRW 

! SP(*) 

1 ccapool  1 

M> 

ft 

I X-coaponent  of  range/azlautb  antenna  in  runway  coordinates 

! 

t 

■ 1 

• 9 

t 

9 

1 

a 

! tram  aaxi  tables. 

X_0«A2_HN(*)_0 

1 SF 
» 

I SF 

• 1 

l ccapool  l 

9 9 

M> 

I 

9 

* 

9 

ft 

I 

| 

X_DWAZ_in»(2)_0 

i I 

( aoapool  t 
1 1 

1 1 

K> 

1 

1 

1 

* 

! 

t 

ft 

1 

1 X-ooaponant  of  KSBLB  range/azlautb  antenna  in  nuey 
> coordinates  for  priaary  and  eenondary  landing  sites. 

f 

I 

! 

! SP(t) 

X _BL_RV 

! ccapool  l 

M> 

i 

rt 

* 

1 X-oosponent  of  elevation  antenna  runway  coordinates  free 

I 

a 

> 1 

9 | 

! 

9 

f 

9 

! ssxl  tables. 

X_«U_m(1)_0 

1 SF 

i I 

1 ccapool  1 

W 

I 

I 

ft 

1 

t 

f 

I 

! 
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£1 
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Initial 

wine 
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VARIABLES  LIST 


1 

1 

! Variable 

! 

! 

! Can  pool 

f 

t 

Initial- 

1 

! 

1 

1 

! 

! 

! 

1 

! 

! name 

t Precision 

I or 

1 

lzatlon 

1 Initial 

! 

Uplink/ 

1 

1 

! 

\ 

! (M/S  ID) 

! 

i & type 
! 

! local 
! 

1 

! 

category 

l value 

1 

! 

downlist 

! 

I 

Units 

I description 

1 

1 

! 

1 

f 

! 

! RW  MAG  VAR  ASL 
! 

! 

! SF 
! 

t 

! coopool 
! 

1 

1 

! 

OPS 

i 

i 

i 

i 

- 

t 

I 

1 

rad 

! 

! Angle  of  magnetic  variation  froa  true  north  at  prlaary, 
1 secondary,  and  alternate  mini  table  runways. 

! 

1 

t 
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I =11  RW_MT_SSL  a RW^LATj 

I I RW_LON_SSL  a RWJLONj 

! | RW_AZIMUTH_SSL  a RVLAZIMUTHj 

I I RONWAY_ALT_SSL  = RUNWAY_ALTj 

I I RW_DBLH_SSL  a RWJffiLHj 

I i RW_tfAG_VAR_JSSL  a RWJWG.VARj 

I I RUNWAY_NAMELSSL  a RUNWAY_NAMEj 
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! ! * a 0 \ 1 MLS  AVAIL , SSL 
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i 
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LAT _HLSEL_SSL  a LAT  _MLSELK 

LONCLMLSEL_SSL  a LONG_MLSELK 

ALT J1LSEU_SSL  a ALT _JlLSELK 

el_scanner_bearing_ssl  = el_scanner_bearingk 

BIAS_MLSRANGE_SSL  = BIAS_J4LSRANGER 

BiAS_AZMLS_SSL  a B1AS_A2MLSK 

BIAS_ELMLS_SSL  a BIAS_ELMLSK 

! 

XJ)MEAZJRfc_SSL  a X_J)MEA2L.RWk 

X_ELJRW_SSL  a X_gL_RWK 

YJ)MEAZ_RW_SSL  a Y_DMEAZ_RWK 

MLS_AVAILJSSL  a ON 

! (transfer  to  alternate) 

1 
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RW_J,AT_ASL  a RWJ.ATj 

RWJLON_ASL  = RW_L0Nj 

RW_AZ  IMUTH_ASL  = RW_AZIMUTHj 

RUNWAY_ALT_ASL  a RUNWAY_ALTj 

RW_DELH_JISL  = RW_DELHj 

RW_MAG_VAR_ASL  = RVCMAG.VARj 

RUNWAY_NAME_ASL  = RUNWAY_NAMEx 
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TACAN_IDj  = TACAN_JID_MAXIl  ! 

LATITUDE_GEODETICj  = LATITUDE_GEODETIC  J1AXIL  ! 

LONGITUDE JSASTj  = LONGITUDE JEAST_MA  X 1^  ! 

ALT_ABOVE_ELLIPSOIDj  = ALT_ABOVE_ELLIPSOID_MAXIL  I $ 

MSL_ABO  VE_J2LL  IPSO  ID  j = MSt^ABOVE_BLLIPSOID.J4AXIL  ! 

MAGNET1C_VA  RIATION j = MAGNETIC_VARIATION_MAXIL  ! i 
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VARIABLES  LIST  DEFINITIONS 
CODE  USED  FOR  VARIABLE  DATA  TYPE 

F:  floating  point  quantity;  an  n-dimensional  floating  point  veotor  will  be 

denoted  F(n);  similarly,  an  n x m floating  point  matrix  will  be  denoted  by 
P(n,m) 

I:  integer  quantity;  l(n)  will  denote  an  n-dimensional  integer  veotor 

B:  bit,  i.e.,  data  having  only  values  of  0 or  1 

C:  character;  C(n)  will  denote  an  n-dimensional  character  string 

CODE  USED  FOR  VARIABLE  PRECISION 
D:  double  precision 

S:  single  precision.  Integer  quantities  are  assumed  single  preoision  unless 

otherwise  stated. 

VARIABLE  LOCATION 

COMPOOL:  Variable  value  located  in  common  storage,  accessible  by  all  functions 

LOCAL:  Variable  is  used  by  one  function  only,  and  usable  to  other  functions 

through  call  argument  only 

VARIABLE  INITIALIZATION  CATEGORY 

blank:  display  is  vacant 

C:  constant  (unchanging),  Level  A 

DD:  design  dependent 

HC:  hard  coded 

MD:  mission  dependent  (I-Load) 

VARIABLE  INITIAL  VALUE 

Initial  operation  sequence  computer  inputs 
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VARIABLE  UPLINK  AND  DOWNLIST  STATUS 
UPLINK:  variable  la  an  uplink  itea 

DOWNLIST:  variable  is  a downlist  item 

UNITS  DEFINITIONS 

deg:  angular  measurement,  degrees 

ft:  feet 

lb:  pounds 

n . d . : non-dimensional 

rad:  radian 

seo:  time  measurement,  seoonds 

slugs:  mass  measurement,  slugs 

vary:  units  have  different  values  which  depend  on  variable  use 
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Variable 


(M/S  Hi) 


I 
I 
! 

! 

I 

!COV  a*  UPDATE 
1 TV96H1290C  -60 

I 
! 

IDO  CVUPLIME 
! -IV90X*7V*) 

I 

IDO  TV  UPLIHK 
I “(V90XV797X) 

1 

<R  GND 

r “(V96H3500C  -02C) 

I 

1* 

I 
I 

ISIG 
I 
I 

it  a© 

• “ (V9bM3520C) 

I 

IT  TV  SMS 
I ~ (V96MI283C) 

I 

IV  (30 

l_  “(V96LJ510C  -12C) 

I 

IV 

t~ 

I 

1MLS  AVAIL  PSL 
I 

I MLS  AVAIL  SSL 
I 


TV  G® 

< V96H127TC  -79C) 
UPDATE 

(V96H12MC  -90 


TV  CND 

(V96L1280C  -820 


Free  isiui 
A type 


SF  (7) 


DF  (3) 
DF  (3) 
SF  (6) 

DF 

Iff 

DF  (3) 

DF  (3) 

B 

B 


Ccapool 

or 

local 


ccapool 

ccapool 

ccapool 

coapool 

ooapool 

coapool 

coapool 

coapool 


ooapool 

coapool 


Initial- 

ization 

category 


N> 


M> 


M) 

H> 


Initial 

mlue 


OFF 

OFF 


Uplink/ 

dovnllat 


I 

I 

I 

i nuts 

! 


uplink 


uplink 
uplink 
uplink 
uplink 
uplink 
tail  Ink 
uplink 


1 

Ivary 

I 

I 

I 

I 

I 

I 

r 

ift 

i 

! 

Ift 

I 

I 

I 

I 

I sec 

I 

I 

I sec 

I 

I 

I ft/ sec 

I 

I 

irt/sec 

I 

I 

I 

1 


Description 


Vector  of  correlation  coefficients  associated  with  UVH 
standard  deviations  (SIGJJPBATH)  used  for  arbiter  position/ 
velocity  covariance  Initialization  (ground  update). 

Flag  Indicating  (OR)  that  data  has  bean  uplinked  for 
Orb Iter  state  vector  update. 

Flag  Indicating  (OH)  that  data  has  been  uplinked  for  target 
state  vector  update. 

Uplink  Orb Iter  position  vector  (H50). 

Uplinked  target  vehicle  position  vector  at  T_TV_G». 

Vector  of  standard  deviations  for  Orb iter  position/ velocity 
covariance  Initialization  (ground  update). 

Uplinked  tine  tag  of  arbiter  state  vector  (B  CRD,  V _»). 
Uplinked  target  state  tine  tag. 

Uplinked  Orb iter  velocity  vector. 

Uplinked  Ml 950  target  vehicle  velocity  vector  at  T_TV_gHD. 
HKS  available  dlaerete  for  prianry  and  secondary  rummy*. 


L . i. 


F-10 


1 

> Vcrlaele 

! (H/j"lD) 

! 

1 

I 

1 Precision 
t A type 
1 

9 1 

I Coapc-ol  i 

1 or  1 

1 local  1 

1 1 

Initial- 

isation 

category 

1 

1 
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iimi  ALT 

i sr  (i3) 

1 ooapool  1 

N> 

r 

i 

1 I 

IWRMAI  ALT  ASL 

1 SP 

1 ooapool  1 

M> 

J 

1 

1 1 

1 MOMMA  I ALT  FSL 

I SP 

I ooapool  1 

M> 

1 

I 

1 1 

IRUMMAI  ALT  SSL 

1 SP 

1 ooapool  1 

90 

1 

I 

1 1 

IRUMMAT  BANK 

I C (16) 

I ooapool  l 

» 

1 

t 

I I 

IRUBMAT_MUe_PSL 

| 

I c 

1 

1 ooapool  1 
| • 

to 

!IUN MAT  HAIC  SSL 

1 

I 

1 c 

1 1 

1 ooapool  1 
| | 

to 

IRUMMAT  HAW  ASL 

1 c 

1 ooapool  1 

to 

» 

1 

! 1 

1RMAZINJTH 

• 

I SP  (18) 
1 

I coapcol  1 

a ■ 

to 

I 

1 

1 

I 

1 ! 

i i 

IRM  A2DHTH  ASL 

I sr 

1 ooapool  1 

to 

1 

i 

l 1 

IRM  AZUOTH  PSL 

1 SP 

l ooapool  1 

to 

1 

i 

1 1 

IRM  AZIMUTH  SSL 

I SP 

I eoapool  1 

to 

I 

i 

1 1 

ILHO  SITE  NO 

I SI 

I ooapool  1 

— 

i TwolroTc) 

! 

1 1 

I 

1 

1 1 

IALT  ABOVE  ELLIPSOID 

1 SP  (10) 

1 coapcol  1 

to 

f 

1 

1 1 

I 

1 

1 I 

IALT  ABOVE  ELLIPSOID 

1 SP  (50) 

I ooapool  1 

to 

IMAXI 

1 

1 I 

I 

1 

1 l 

I 

1 

1 1 
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VARIABLES  LIST 


— 

I 

1 

f 

i 

trad 

1 

1 

i 

I Bearing  Trot  true  north  of  runway  ooordinate  tjitea  -t  axis 
I for  aaxl  table  runups. 

| 

— 

! 

trad 

l 

1 Bearing  proa  true  north  of  runway  ooordinate  ays tea  .X  axis 
1 for  Prlwary,  secondary,  and  alternate  einl  table  runways . 

— 

1 

trad 

| 

I 

| 

— 

» 

• 

(red 

• 

f 

> 

— 

1 uplink 
1 

i 

i 

f 

1 Landing  site  table  slot  ( 1 to  18  - aaxl , 19  to  21  - aim). 
1 

— 

1 

1 

a 

i 

irt 

i 

a 

1 

1 Height  of  TACAI  site  above  reference  ellipsoid  In  ala! 
1 table. 

— 

1 

1 

1 

J 

in 

i 

i 

I Height  of  TACAH  site  above  refereooe  ellipsoid  la  aaxl 
1 table. 

1 

j 

i 

! 

j 

I 


I 

I 


F-H 


(H/S  ID) 


BIAS  nc  MS 


BIAS  TAC  B 


LATITUDE  GEODETIC 


Free : si  on 

A type 


SF  (10) 


LATITUDE  GEODETIC  (Will  SF  (50) 


lAKITWE  EAST 


LONGITUDE  EAST  NAZI 


MAGNETIC  TA HI AT ION 


MAGNETIC  VARIATION^ 
NAZI 


(CL  ABOVE  ELLIPSOID 


1CL  ABOfE  ELLI  PSOIO 
NAZI 


I A CAN  ID  M.ZI 


SF  (10) 
SF  (50) 
SF  (10) 


Coupotl 


oaapool 


canpool 

conpool 

canpool 


canpool 


Initlal- 
1 tat  tan 
category 


Initial 

value 


Uplink/ 

downllat 


Daacrlptlon 


Bias  in  TACAN  bearing  in  alnl  table. 

Bias  in  TACAN  range  in  alnl  table . 

Geodetic  latitude  at  TACAN  site  in  mini  table. 
Geodetic  latitude  at  TACAN  site  in  aul  table. 
Longitude  at  TACAN  site  in  alnl  table. 

Longitude  at  TACAN  site  In  aexl  table. 

Magnetic  variation  of  TACAN  site  in  alnl  table. 
Magnetic  variation  at  TACAN  sit'  in  aazi  table. 


K3L  correction  to  reference  ellipsoid  at  tile  TACAN  site  in 
alnl  table. 

iSL  correction  to  reference  ellipsoid  at  the  TACAN  site  in 
aaxl  table. 

TACAN  channel  nuaber  in  alnl  table. 

Positive  for  r-aode. 

Negative  for  y node. 

TACAN  channel  nuaber  in  aazi  table. 

Positive  for  » node. 

Negative  for  y node. 
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Variable 
name 
(M/S  ID) 


1 Precision 
I A tyre 


(ALT  ABOVE  ELLIPSOID  UL! 
! 7V96H1220C)  ~ ! 

SF 

» 

! 

■ 

coapool  ! 

1 

1 

— 

I 

! 

— 

(BIAS  TAC  BRC  UL  ! 

1 'V96H1223C)  ! 

SF 

* 

! 

! 

■ 

I 

coapool  1 
! 
• 

- 

i 

I 

! 

i 

-- 

IBIAS  TAC  R UL  ! 

! (V96H1229C)  ! 

SF 

i 

I 

! 

* 

coapool  t 
! 

■ 

. — 

X 

i 

t 

9 

— 

(LATITUDE  GEODETIC  UL  1 
! (V96HT218C)  " 1 

SF 

1 

t 

! 

■ 

i 

coapool  I 
1 
f 

— 

X 

( 

! 

9 

— 

(LONGITUDE  EAST  UL  ! 

! (V96H1219C)  1 

SF 

x 

! 

t 

i 

X 

coapool  1 
1 
f 

— 

X 

! 

! 

i 

— 

(MAGNITUDE  VARIATION  UL! 
! (V96H1222C)  1 

SF 

i 

! 

! 

I 

coapool  ! 

f 

i 

— 

X 

! 

1 

i 

-- 

!(CL  ABOVE  ELLIPSOID  UL( 
! TV96H1221C)  ! 

SF 

X 

t 

! 

i 

X 

coapool  ! 

! 

1 

— 

! 

! 

! 

i 

— 

(DO  TACAN  SITE  UPLINK  ! 
! "(V9SXl 275X7  1 

B 

i 

! 

! 

$ 

X 

coapool  ! 

! 

i 

— 

i 

I 

! 

i 

— 

(TAC  SITE  NO  I 

1 TV96JT216C)  ! 

SI 

I 

1 

! 

| 

X 

coapool  ! 

! 

i 

— 

X 

i 

i 

9 

— 

(TACA’i  ID  UL  I 

( iV96j7217C)  1 

SI 

I 

! 

! 

■ 

X 

coapool  1 
t 
1 

— 

X 

! 

! 

1 

— 

!BUPFER_B  1 

SF  (3) 

1 

• 

local  ! 

j 

— 

f 

1 

— 

(BUFFER  C ! 

SF  (7) 

! 

local  ! 



1 

— 

Compool 

or 

local 


Initial- 

ization 

category 
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VARIABLES  LIST 


I 

I 


Uplink/ 

downlist 

i 

1 Units 
1 

1 

1 Description 

1 

uplink 

» 

!ft 

! 

! 

1 Height  of  uplinked  TACAN  site  above  reference  ellipsoid. 
1 

uplink 

i 

(rad 

I 

1 

t Uplinked  TACAN  bearing  bias. 
1 

uplink 

1 

(ft 

1 

t 

! Uplinked  TACAN  range  Lias. 
! 

uplink 

1 

(rad 

! 

! 

! Geodetie  latitude  at  uplinked  TACAN  site. 
1 

• 

uplink 

! 

(rad 

! 

! 

1 Longitude  of  uplinked  TACAN  site. 
1 

uplink/ 

downlist 

1 

trad 

! 

I 

(ft 

! 

! 

1 

! 

1 

I 

t Magnetic  variation  at  uplinked  TACAN  site. 
I 

uplink/ 

downlist 

1 Altitude  of  etean  sea  level  above  reference  ellipsoid  at 
1 uplinked  TACAN  site. 

1 

uplink/ 

downlist 

1 TAdAN  site  uplink  eoaoand. 
1 

l 

uplink/ 

downlist 

1 TACAN  site  table  slot  timber. 
» 

uplink/ 

downlist 

! 

( Channel /node  Identifier  for  uplinked  TACAN  site. 
! 

— 

(lbs 

1 Buffer  area  associated  with  VENT/RCS  vector  uplink. 

— 

1 

1 

! Buffer  area  associated  with  covariance  matrix  uplink. 
1 
! 

v 


VARIABLES  LIST 


< Variable 

1 naue 

! (M/3  ID) 

! 

! 

! Precision 
I A type 
1 

! 

! Ccnpoo 1 
1 or 
1 local 
! 

(BUFFER  < 

! 

! SP 
1 

! 

! local 
! 

(BUFFERO 

i 

! SF 

(2) 

i 

f local 

1B0FFERR 

! DP 
! 

(3) 

! local 
! 

!BUFFER_RT 

t 

! DP 
1 

(3) 

f 

! local 
I 

!3UF?ZR_S 

1 

! SF 
1 

(6) 

» 

! local 
! 

!BUFPEH_I 

f 

! DP 
! 

! 

1 local 
1 

!BL'PFZS_TT 

1 

! DP 
! 

! 

1 local 
f 

ibuffer jr 

! 

! SP 
! 

(3) 

i 

1 local 
1 

(BUPFERVT 

! 

! SP 
! 

(3) 

! 

! local 
1 

(KPACTOR 
1 (V9600173C) 

f 

1 SF 
! 

1 

1 conpcol 
1 

!OP_CCOE 

! SI 
! 

1 coapool 
I 

ITFOPF 

1 (V96H8178C) 

! 

! CP 
1 
f 
! 

i 

1 ccnpoo 1 
I 
1 
! 

Initial- 

ization 

category 


tt> 


HD 


Initial  ! 
value  ! 


I 

I 

Uplink/  ! 
iovnllst  I 

r 


Units 


1 

I 
! 

— I sec 

! 

— !ft 
I 
t 

— ! ft 
I 
I 

— I ft , ft/sec  t 
! 

! 

— !sec 
a 
1 

— Isee 
! 

! 

— ! ft/sec 

i 
1 

— tft/sec 
I 
I 

uplink  I — 

I 
I 

uplink/  I— 
down  list  I 
I 

uplink/  I see 
down  list  I 
I 

J 
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Description 

Buffer  location  associated  with  drag  aodel  correction 
factor . 

Buffer  area  associated  with  Vent/ 83  CR-OFF  tine*  uplink. 

Buffer  area  associated  with  Ortiter  state  poeition  vector 
uplink. 

Buffer  area  associated  with  target  vehicle  position  vector 
uplink. 

Buffer  designations  for  UVH  standard  deviations  associated 
with  covariance  aatrlx  uplink. 

Buffer  location  associated  with  Orb! ier  state  vector  uplink 
C tine  tag). 

Buffer  location  associated  with  rendezvous  vehicle  state 
vector  uplink  (tins  tag). 

Buffer  area  associated  with  Orblter  state  vector  uplink 
(velocity). 

Buffer  area  associated  with  target  vehicle  state  vector 
uplink  (velocity). 

Drag  aodel  correction  coefficient. 

7-BIT  string  cede  to  define  nn—nnd  iced  uplink  type. 
Vent/RCS  off  tlae. 
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VARIABLES  LIST 


! Variable 

! 

f 

! 

! 

Coapool 

! 

f 

Initial- 

1 

1 

i 

t 

1 

! 

1 

! 

! name 

1 Precision 

! 

or 

i 

izatlon 

1 

Initial 

1 Uplink/ 

i 

t 

t 

1 (M/S  IB) 

1 & 
I 

type 

! 

! 

local 

• 

■ 

category 

1 

1 

value 

I downlist 

1 Units  1 Description 

1 1 

1 

ITF0N(V96V8177C) 

! 

! DP 
1 

1 

1 

! 

caapoo1. 

i 

i 

i 

K> 

1 

1 

! 

— 

1 uplink 
1 downlist 

1 

Isao 

1 

i 

! Vent/BCS  on  time . 

I 

1 

1 Vent/RCS  body  forte  vector. 

! 

!VPQRCE(V96U817«C  -760 1 SP 

(3) 

1 

coapool 

i 

HD 

1 

_ 

1 uplink 

libs 

1 

! 

I 

• 

i 

1 

1 downlist 

l 

1 

1 

!PK  MAC  UL 

! SI 

t 

ccapool 

! 

I 

1 uplink/ 

1 Runway  selection  index  for  xaxl  table  to  priaary  runway  data! 

» TV96u5a8lC) 

» 

I 

1 

1 

1 downlist 

I 

1 transfer. 

1 

1 Bunway  selection  Index  for  aaxl  table  to  secondary  runway 

!SEC  MAC  DL 

1 SI 

1 

coapool 

1 

— 

1 

— 

i upllst/ 

1 7V96uS282C) 

I 

1 

1 

t 

! downlist 

1 

1 data  transfer. 

1 

1 Runway  selection  index  for  aaxl  tibia  to  alternate  runway 

, 

(ALT  MAC  UL 

! SI 

( 

coapool 

1 

1 

1 uplink/ 

1 7V96U&B30 

1 

t 

! 

1 

1 downlist 

1 

1 data  transfer, 
i 

1 Flag  indicating  (ON)  that  landing  site  selection  parameters 

IDO  GOD  (PLUS 

! B 

1 

coapool 

1 

• a. 

! 

1 uplink/ 

» 

t (V9608280CB) 

1 

1 

1 

! 

1 downlist 

I 

1 have  been  uplinked. 

1 

1 Runway  selection  index  for  asxi  table  to  priaary  runway  daU 

! 

IPRI  MAC  SELECT 

1 zz 

1 

acapool 

1 

■ 

19 

1 -a* 

ki 

! 

I 

1 

! 

i 

t 

I transfer. 

! 

1 Runway  selection  index  for  saxi  table  to  secondary  runway 

ISEC  MAC  SELECT 

1 31 

1 

coapool 

1 

i 

20 

{ 

l 

1 

I 

t 

1 

f 

1 

I data  transfer. 

1 

1 Runway  selection  index  for  naxi  table  to  alternate  runway 

l 

! ALT  MAC  SELECT 

! SI 

1 

coapool 

; 

t 

21 

! — 

i 

1 

1 

1 

i 

! 

1 

t data  transfer. 

i 

tITEM1_DI 

! B 

1 

coapool 

t 

— 

I 

GPP 

t — 

f Maxi  table  to  prlnary  runway  transfer  discrete. 

1 

I Maxi  table  to  secondary  runway  transfer  discrete. 
1 

1 Maxi  table  to  alternate  runway  transfer  discrete. 
1 
I 
1 

i 

1 

IITBK2_I* 

( B 

! 

coapool 

! 

— 

1 

OFF 

• — 

1 

i 

!ITEK3  IN 
! 

1 

I 

! B 
! 

! 

! 

I 

1 

1 

1 

coapool 

1 

1 

I 

1 

1 

1 

! 

1 

CPF 

! " 

I 

! 

t 

i 

i 

i 

i 

| 

i 

\ 

i 


/ 


a" 


-,  ■■■  , -,  i Alii nl« 
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mm** 


•j >■ 


n 


Variable 
naae 
(M/3  ID) 


>V^-'r--.s-Ie- 


««0*» 


n 
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VARIABLES  LIST 


Precision 
A type 


Coe pool 
or 

local 


Initial- 

ization 

category 


••  ~ 

' awi_. 


Initial 

value 


Uplink/ 

downliat 


ICO  LSD  SITE  UPLDnc 
1 (V9?X127tX) 

! B 
! 

| 

1 coapool  | 
! ! 
■ 1 

1 

t 

1 

( uplink/ 

( downliat 

( 

( 

• 

1 Landing  site  uplink  eoanand. 
( 

I 

1 

! 

i 

ISUmAT  HAie  UL 
1 (V9<>J1208C) 

! SP 
! 

1 I 

! coapool  1 
1 1 

1 

(uplink 

! 

1 

( uplink 
( 

■ 

i 

! 

1 Bane  of  runway  at  uplinked  landing  site. 
9 

* 

1 

f 

IRtVUAT  ALT  UL 
i (vvShizTac) 

! 

1 SP 
! 

1 1 

! coapool  I 
1 t 

! 

(uplink 

( 

! 

1 uplink 
1 

i 

irt 

! 

1 

1 Height  of  uplinked  landing  site  ebove  reference  ellipsoid. 
! 

I 

I 

J 

MW  LAT  UL 
! "(V95H1210C) 

1 

! SP 
! 

! ! 

1 ooapooi  1 
i I 

( 

(uplink 

! 

1 

1 uplink 
1 

1 

(rad 

1 

( 

( Geodetic  latitude  at  uplinked  landing  site. 
1 

i 

! 

i 

!RV  LOH  UL 
1 (V9SH1211C) 

1 

( SP 
I 

l l 
t coapool  ! 
1 1 

1 

1 uplink 
( 

1 

1 uplink 
1 

( 

(rad 

1 

( 

( Longitude  at  uplinked  landing  site. 
( 

j 

! 

! 

IBM  AZIMUTH  UL 
1 — (V96H1212C) 

I 

! SP 
( 

I 

1 ! 

1 coapool  1 
( t 

1 1 

( 

(uplink 

! 

• 

1 

( uplink 
1 
• 

( 

(rad 

( 

1 

( 

( Runway  beading  for  uplinked  landing  site. 
( 

1 

1 

t 

> 

2 

IRK  DBLH  % 

! (V96H1215C) 

I 

i s? 
! 

• 

I X 

1 coapool  1 
1 1 

| | 

(uplink 

1 

1 

A 

1 uplink 
1 
| 

(ft 

1 

1 

I 

( Altitude  at  eeac  sea  level  above  reference  ellipsoid  at 
1 uplinked  landing  site. 

| 

1 

1 

j 

(RU  MAO  VAR  UL 
1 -(V9SB12T3C) 

» SP 
! 

! coapool  ! 
t I 

(uplink 

( 

! uplink 
! 

(rad 

l 

1 Magnetic  variation  at  uplinked  landing  site. 
( 

1 

Units 
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I \ 

I OP_CODE  s 0001001  \ 

! / 
S / 


! DO_OV_UPLINK  a ON  I 

! 1 

J 

I 

I 

I 

I I 

! £ _GND  a £UFFER_R  j 

| j 

I £ JBND  a £UFFER_V  I 

I I 

I T_GND  a BUFFERJT  | 


OP_CODE  = 0000000 


ORBITEEJSTATELVECTOIL.UPLINK 


'"SSCtolNQ  page 
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I \ 

I OP_CODE  s 0001010  \ 

I / ! 

I / ! 

I 

I 

I 

I I 

I DO_TV_UPLINK  = ON  I 

I I 

I 


_J 

1 _TV_GND  = fiUFFERJRT 
1 _TV_(MD  = fi.UFFEIL.VT 
T_TV_GND  s BUFFE1LTT 

i 

I 

I 

1 

I I 

I OPjCODE  s 0000000  I 

• i 


RENDEZV0US_STATE_VECT0ILUPLINK 
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J2F0RCE  « £UFFER_B  | 

I 

1F0N  ? BUFFER^  I 

I 


TFOFF  * BUFFER_02 

j 


I 

I 


I OP_CODE  a OOOOOOO  I 


I OPjCODE  a OOOOOOO  t 
I I 
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\ 


DRAGLMODEL,_PARAH_UPLINK 
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\ 

0101011  \ 

/ I 

/ I 


I I 

I SIG_UPDATE  y TO  6 * BUFFEHJSi  6 '• 

I 00V_C0JL.UPDATE  ^ ro  7 » BUFFER  to  7 I 

‘ i 

i 

1 

1 1 

S OPjCODE  = 0000000  | 

I I 


COV_mTRIX_PARA*LUPLINK 
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I \ 

I \ I LNDJSITEJ'IO  >0  \ 

I D0JJ)DJSIT5_  \ I AND 

I UPLINK  a CN  / I LND_SITELNO  <22  / 
I / I / 


LND_SIT£_  \. 
I NO  <19  / 

I / 


I 

I 8 LND_SITELNO  I 


I 


I I 

I DO_LND_jSITE_  | 
I UPLINK  s OFF  | 

I I 


imu 


± 


I 

I RW_LATI  s RH_LATJUL 
i RW_LONj  8 RW_LON_UL 
I RVLAZIMUIHj  m RW_AZIMUTHJUL 
I RUNUAYJtLTx  8 RUNWAY_ALT_l)L 
I RWJDBLHj  8 RW_PELH_UL 
I RVLHAGLVARx  8 HW_JIACLVAR_UL 
I R'JNHAYJNAMBx  = RUNWAY _NAb$_UL 


SPARBL.UL* 


(PRIMARY) 


I \ I 

1 LND_jSITE_NO  \ | 

I » 19  /II 


I RVLLAT_J*SL  a RHJJITJJL 
I RW_LONJPSL  8 RWJLONJUL 
RW_AZ  IMUTH_PSL  c RW_JIZIMUTH_UL 
RUNWAY_ALT_PSL  8 RUNWAY JILTJJL 
I RWJJELHLPSL  s RWJ)ELH_UL 
I RN_MAG_VAR_PSL  8 RW_MAG_VAR_UL 
I RUNWAY_NAMS_PSL  8 RUNWAY__NAME_UL 
I MLS_AVA1L_PSL  s OFF 

I 


(CONT’D) 


■Implies  catenation  of  first  oharacter  string  with  first  charaoter  of  second 
character  string. 


LANDING_SITE_MAXIJ1INI_UPLINK  (Sheet  1 of  2). 
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(CONT'D) 


1 

I \ 

I LND_SITS_NO  \ 
I a 20  / 

I / 


issmnmi 

i 

I RW_LATJSSL  « RW_LAT_UL 
I RWJX)N_SSL  > RW_L0N_W- 
I RW_AZIMUTH_SSL  > RW_AZIMUTH_UL 
I RUNWAY_ALT_SSL  « RUNWAY_ALT_UL 
i RW_DELH_jSSl  « RW_PELH_UL 
I RVLMAQ_VAR^SSL  b rkjwq_var_ul 
I RUNWAY_NAME_JSSL  b RUNWAY_NAME_UL  • SPARE  UL« 
j MLS_AVA1L_SSL  b OFF 


(ALTERNATE) 

I 

I RV(_UT_ASL  b RW_LAT_UL 
i RW_LON_ASL  b RWJLON_UL 

I RW_AZIMUTH_ASL  = RW_AZIMUTH_UL 

I RUNWAY_ALT_ASL  = RUNWAY_ALT_UL 
I RW_DELH_ASL  > RWJDELH_UL 

I RV_maq_var_asl  b rw_haclvar_ul 
I RUNHATJUAMEJISL  b RUNWAY _NAME_UL  • SPARE_UL* 


( 

v •Implies  catenation  of  first  character  string  with  first  character  of  second 

character  string. 
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I \ 

I TAC_JS1TE_  \ 


I \ t NO  > 0 \ ! \ I I 

I DO_TACAN__SIT£_  \ i AND  \ TAC_S1T£_  \ I 1 * TACJ31TKJW-50  I 

I UPLINK  a ON  / | TAC_jS1T£_  / I NO  > 50  /I  I I 


/ l NO  < 61 

/I  _ / 1 1 

1 

1 

/IS  1 

J II  1 

I 1 1 

1 I 1 

1 1 s 

! 1 

i 1 

1 

(MINI)  _ 1 

1 1 

1 1 

! 1 

1 i 

1 S 

1 I 

1 1 i 

1 DO_JACANJSITE_  1 1 

I UPLINK  a OFF  1 1 

1 IS 

1 1 
1 LATITUDELGEODBTICj  a LATITUDE_GEODETIC_UL  1 

1 LONGITUDE_EAST t a LONGITUDE_£AST_UL  1 

1 ALT_AB0VE_JELL1PS01Dx  a ALT_ABOV £_ELL I PSO I D_UL  1 
i MSL_wABOVE_ELLIPSOIDI  a MSL_ABOVE_ELLIPSOID_UL  | 
1 MAONBTICLVARIATIONi  a MAONETIQ_VARIATION_UL  1 
1 BIAS_TAC_ERG1  a BIAS_TAC_PRG_UL  ! 

1 BIAS_TAC_Rt  a BIAS.TACJL.UL  1 

1 TACJDj  a TACANJD.UL  ! 

1 ..  1 

1 

1 

1 

1 

1 

1 1 
_l  I a TACJSITEJIO  1 

I I 

i 

I 

(.MAXI) 1 

I 

I TACAN_JD_MAXIi  > TACANJ.D_.UL 
I LATITUDE_GE0DET1C_MAXII  > LATITUDR_OBODETIC_U . 

I LONGITUDE JSAST_MAXI j a LONGITUDE_EAST_UL 

I alt_abovelellipsoid_maxii  a altlabovelellipsoid_ul 

S MSL_JAB0VE_ELL1PS0ID_MAXII  a MSLJUBOVE_ELLIPSOID_UL 
I MAGNETIC  VAFIATION_MAXIt  a MAGNETIC.VAFIATIONJJL 


TACAN_SITE_MAXI  JilNl  .UPLINK . 
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I \ 

i D0_GUID_UPL1NK  \. 
I S OH  / 

I / 


! PRI_J1AXI_UL  \. 
i > 0 / 


.1  PRI_MAXI_UL  \. 
I < 19  / 


I PR1J«XI_3ELECT  * 
.1  PRI_MAX1_0L 
i ITEM1_IN  » ON 


SEC _MAX1_UL  \_ 
>0  / 


I \ 

.1  SEC_MAX1_UL  ' 
I < 19  i 


I SEQ_MAX1_SELECT  « 
.1  3fiC_MAXl_UL 
I 1TEM2_1N  « ON 


I ALT_mXI_UL  V 
! > 0 / 


I \ 

.1  ALT_MAXI_liL  V 
I < 19  / 


I ALT_MAX1_3ELECT  t 
J ALT_MAXI_UL 
I ITEM3_IN  » ON 


ITEM1_IN  s ON  \ 

OR  \ 

ITEM2_JN  s ON  \. 

OR  / 

ITEM3_JN  a ON  / 

/ 

/ 


I CALL:  LANDING_SITE_UPDATE_  ! 

I PRINCIPAL_FUNCTION  I 


DO_GUID_UPLINK  | 
x OFF  ! 


SITE_SELECTION_UPLINK . 
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APPENDIX  G 


INTERFACE  DIAGRAMS  FOR  TIE  ONORB  IT  /RENDEZVOUS 
NAVIGATION  SEQUENCER  PRINCIPAL  FUNCTION,  THE 
ONORB IT /RENDEZVOUS  NAVIGATION  PRINCIPAL  FUNCTION 
AND  THE  ONORBIT  PRECISION  STATE  PREDICTION 
PRINCIPAL  FUNCTION 
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This  appendix  provides  supplementary  interface  information  concerning  the  follow* 
ing  principal  functions: 

* Onorbit/Rendezvous  Navigation  Sequencer 

* Onorbit/Rendezvous  Navigation 

- Onorbit  Precision  State  Prediction 

The  intent  of  this  appendix  is  to  provide  block  diagrams  for  each  principal  func- 
tion in  order  to  supply  the  following  information: 

a.  The  constituent  subfunctions  of  each  principal  funotion. 

b.  A calling  diagram  for  each  subfunction  in  each  principal  function. 

c.  The  interrelationship  of  the  principal  functions. 

The  information  contained  in  this  appendix  is  intended  to  be  supplementary  only. 
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CONTENTS 

Figure  PaS® 

G-1  The  onorbit/ rendezvous  navigation 

sequencer  principal  function  G-7 

G-2  Module  interface  for  onorbit/ rendezvous  navigation  G-8 

G-3  The  onorbit  precision  state  prediction 

principal  function G-9 
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tawifc  i*v  java  QNi'J303ad 


* 

/ 


^ !f,:r  - . ■>#, 

,■**#** 


< ..  * 


ONORB IT_REND_NAV_SEQUENCER 


REND  NAV  INIT 


NAV_ONORBIT_RENDEZVOllS 


(SEE  FIG.  G-2) 


REND  NAV  EXIT 


REND  COV  INIT 


COVINIT  UVM 


ONORBIT  PREDICT  | 

(SEE  FTG.  G-3)  I 


U_A_B  IAS_AND_COV INIT  | 
UVW  TO  M50 


1 

COV  LAST 

\ 

ACCELJ3NORBIT 

RESET 

\ 

H_ELLIPSOID 
V REl 


TARGET  RESET 


NOTE:i ndenotes  another 

| {principal  function 
I jsubfunctlon 


DISPLAY 


Figure  G-1.-  The  onorblt/rendezvous  navigation  sequencer  principal  function. 
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